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Ive your 
It screams. 


Introducing new 
Havoline Formula? 


If you ask a lot of your 
car, give it a lot in return. 
Havoline Formula? Motor 
Oil has a combination of 
special additives that combats not just 
one, but all three, major threats to oil 
performance. Its scientifically developed 
motor oil formula is more effective 
against heat stress, starting friction 
and engine dirt. 

So if your car does more than just 
get you from here to there, it deserves 
more than ordinary engine protection. 
It deserves the complete protection 
of new Havoline Formula? Motor Oil. 


Add more life to your car. 


i TET TIT 
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JOIN THE AIR FORCE 
AND SEE THE WORLD'S 
MOST EXOTIC TERMINALS. 


Terminals that push pilots beyond their limits. 

Terminals where dogfights are played out 
with sweaty realism. 

Terminals where futuristic aircraft designs 
are modified in just seconds. 

Its all part of the most sophisticated 
computer technology in the world. 

5 And if you have 
the desire and the aptitude, you could become 
a part of it. 

Youll receive not only the highest-quality 
technical training, but guaranteed hands-on 
experience, Use equip- 
ment and technology 
so advanced, it may 
be years before the 
rest of the world even ——= 
reads about it. 

But thereS much 
more to the Air Force 
than mainframes and megabytes. 

We offer equally exciting opportunities in to- 
days most sought-after fields. Electronics. : 

Medicine. Aircraft mechanics. Communications. Over 200 careers in all. 
Plus the chance to pick up college credits or 
$ even an Associate of Applied Science degree 
in the fully-accredited aay 
of the Air Force. 

Interested? Give us a call at , j 

1-800-423-USAF Youll find there j A 


some terminals where futures 
getoff the ground. AIM HIGH. 


lar THE WHAT'S NEW MAGAZINE 
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Founded in 1872 / Vol. 238, No. 


COVER STORY 
Supercruisers TNNT waar new... 10-18 


Supercruising is flying at a sustained 
speed above Mach 1.5 without the help 


of afterburners. The YF-22 and the 

YF-23 both can do it, and next month AVIATION AND SPACE 
the Air Force will pick one as Amer- Fast, agile, stealthy 

ica’s next tactical fighter. At $100 bil- supercruisers. 


lion or more for the program, it may be 
the last such purchase for a long time. 


SCIENCE AND 
TECHNOLOGY 


Science newsfront.. 

e 2 High tech hits at Ir: 
Cosmic connection — seirching for the 

What is the universe made of? How did it cosmic connection. 

begin, and how will it end? Today, both cos- Salt water on tap... 

mologists and physicists—probers of the Dr. Lang’s amazing 


unimaginably large and the unimaginably SWATH boat. 
small—wrestle with these questions. 


Dr. Lang's amazin 


s COMPUTERS 
ATH boat AND ELECTRONICS 
SWATH boats were always ultra-stable, but Electronics newsfront................. 40 
they were slow going. Now their inventor 
has come up with a version that approaches 
40 mph—and still no seasickness. CARS AND DRIVING 


Car test: entry-level luxu 
Coming for cars: smart glas: 


HOME PRODUCTS 
AND TECHNOLOGY 


Recyded — 15:73: 
house 


Houses eat up an ADDITIONAL FEATURES 


enormous amount of From the edit 4 
materials. Building Read Ik back 6 
with recycled prod- Product information. 


ucts might help pi 
preserve diminishing Looking back. 


resources. 


Entry-level luxury 


The classic sport sedan has been hov- 
ering one step away from extinction. 
But the breed has seen a revival. We 
match BMW’s new 318i against the 
Infiniti G20, the Lexus ES 250, and 
the Peugeot 405 Mi 16. 


COVER PHOTOS COURTESY OF 
NORTHROP CORP. AND THE YF-22 
PHOTOGRAPHIC TEAM 


POPULAR SCIENCE APRIL 1991% 3 


From The Editor 


Persian Gulf War is a startling 

contrast—and a frightening re- 
minder. In the province of Quang- 
Ngai in 1971, I flew with the pilot of 
an Air Force Bronco forward air con- 
trol plane serving as the “eyes” of F-4 
Phantoms. After we dove to nearly 
treetop level, the jets rushed in be- 
hind, using the mark of the Bronco’s 
“Willy-Pete” (white phosphorous) 
rockets to target their tacti- 
cal bombing runs. At the 
sprawling army base of Chu 
Lai, we would often joke ner- 
vously that “it looks like a 
good night for incoming,” re- 
ferring to the 122mm rockets 
the Viet Cong sporadically 
lobbed into our midst with 
nothing more sophisticated 
than makeshift bamboo 
launchers. 

How primitive all that 
seems compared with the 
high-tech weapons now mak- 
ing headlines: pinpoint-accu- 
rate laser-guided smart 
bombs, expertly navigable Tomahawk 
cruise missiles, life-saving Scud-bust- 
ing Patriot missiles (see “Science 
Newsfront” for an analysis of the first- 
time use of these weapons in the 
opening days of Operation Desert 
Storm). Based on their early success, 
these fruits of multiple billions of dol- 
lars in weapons technology held out 
the heroic promise of a short, low-ca- 
sualty campaign. 

But in a matter of weeks, the war 
against Iraq turned to its ugly and 
predictable consequences: ground 
combatants killed, captured, and 
wounded; civilians homeless and or- 
phaned; nations polarized by resent- 
ment and rage. Remember that our 
technological prowess was equally 
heralded two decades ago in Vietnam. 
It will now, as it did then, fall short of 
mitigating war’s inevitable tragedy. I 
sorrowfully fear that the realities of 
war are immune to a high-tech cure. 
We've invented better weapons since 
Vietnam. But we haven't invented 
better wars. 

With the likelihood that there will 
be future threats to peace, the U.S. 
Air Force is poised this month to 
choose between two suitors for the 
right to develop the next generation of 
fighter aircraft, the so-called Ad- 
vanced Tactical Fighter. In this 


T o this Vietnam veteran, the 


month's cover story, Associate Editor 
Stuart F. Brown provides a close-up 
analysis of the wish-list technology in- 
corporated in the YF-22 and the YF- 
23, including such aeronautical ad- 
vances as "supercruising" at high 
speed with relatively low fuel con- 
sumption. In the late 1990s, one of 
these planes may replace the aging F- 
15 and F-14 fighters now seeing ac- 
tion in the Middle East. 


PEE ere eom 
Artillery man a Patriot missile battery. 


populate this month's *Cosmic 

Connection" feature story— 
Wimps, Machos, Champs, and winos— 
you'd think that Science and Tech- 
nology Editor Arthur Fisher had re- 
cently returned from a reporting stint 
among east Los Angeles street gangs. 
Not so. These strange-sounding 
names belong to some of the particles 
of elementary physics that scientists 
believe are basic to our understanding 
of the history and future of the uni- 
verse. The trouble is, you will learn 
from Fisher's report, that the more 
scientists unlock the secrets of the 
subatomic world, the more complex 
become their presumptions and theo- 
ries governing the structural evolu- 
tion of the cosmos. 

The Big Bang theory remains in- 
tact. But how the galaxies formed af- 
terward is a puzzle. Thanks to several 
new astronomical observations, this 
turmoil intensifies as we go to press. 
Next month, in “Science Newsfront,” 
we'll report on what else in the world 
we can't really be sure of as a result of 
recent discoveries. 


ja M 
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A VERSATILE 


GRAB&GO 


CELLULAR TELEPHONE 


The Tandy CT-1033 transportable cellular 
phone keeps you and your family in touch. 
You can use it in a car or carry it with you. 
There's no installation—just use battery 
power or plug into your car’s cigarette 
lighter. Then "grab it and go” when you're 
at the airport, on the golf course or visiting a 
job site. Power can be switched from 3 watts 
in fringe service areas to 0.6 watts to save 
battery power and extend talk time. 


Includes 832 channels, dual-NAM to save 
roaming costs, memory for 30 phone num- 
bers, aaeh e hándeecedarite: Jai numb Complete and Ready to Use! 
redial, cumulative call timer, electronic lo Includes Carrying Case, Antenna, 
and more. Put the whole world in your hand Battery, DC Adapter/Charger 

- grab hold of the CT-1033 for only and AC Battery Charger 
month on Radio Shack 
revolving credi 


"Requires new activation and minimum service itment with 
Radio Shack cellular phone carrier (price without activation: $699.00). 
n requirement does not apply where prohibited by state law. 


Pa E Era a America’s TECHNOLOGY STORE" 


Readers Talk Back 


What about the wind? 


In “The World’s Fastest Sailboat” 
[Jan.], you never mentioned the wind 

speed. Isn’t this an important factor? 
David de Vitry, Bucknell University 
Lewisburg, Pa. 


Inventor Greg Ketterman says wind 
conditions were gusty, and wind 
speed during the record run was about 
24 knots.—Stuart F. Brown 


Excising energy eaters 


In “Automotive Newsfront” [Jan.], 
you remark that as pollution controls 
tighten on cars, trucks would become 
the new muscle machines. This is in- 
sanity. Huge engines running at high 
speed consume vast amounts of re- 
sources. My proposal: mandatory 
built-in speed limiters for engines 
that are larger than three liters. 
Pierre Mihok, Don Mills, Ont., Canada 


Mandatory speed limiters may dis- 
courage some drivers from buying 
larger engines than they need, but the 
effect on total fuel consumption 
would be small. A more productive 
solution would be to continue im- 
proving the fuel efficiency of all vehi- 
cles.—Norman S. Mayersohn 


Fuel of the future? 


POPULAR SCIENCE often explores alter- 
nate energy sources for cars [“Auto- 
motive Newsfront," Dec. '90; *Clean- 
Air Fuels for the '90s," Jan. '90]. But 
you have taken a weak—if not nega- 
tive—stand on hydrogen fuel. Hydro- 
gen has the greatest potential as a 
fuel for the future: It is a limitless re- 
source because it can be generated 
from seawater; and if produced cor- 
rectly, it can cost less than gasoline. 
Most important, hydrogen is environ- 
mentally safe. 

Brian C. Caputo, Randolph, N.J. 


Hydrogen may have potential, but it is 
not a clear-cut winner yet. Nitrogen ox- 
ides (NO) emitted by hydrogen-pow- 
ered cars are not easily controlled be- 
cause without hydrocarbons or carbon 
monoxide, the catalytic converter wont 
light off. Research by Mercedes-Benz in- 
dicates that NO, emissions from auto- 
mobiles using hydrogen are, at best, as 
good as those from 1990 gasoline-pow- 


ered cars. In addition, producing hydro- 
gen still requires too much energy for 
electrolysis and chilling to its useful lig- 
uid form to be practical. It is also highly 
explosive and therefore potentially dan- 
gerous.—Norman S. Mayersohn 


U.S. students: lost in space? 


The last paragraph of “Soviet Space 
Odyssey" [Jan.] hit a nerve. The Sovi- 
et Union and Japan place much more 
emphasis on learning about space in 
their elementary schools than does 
the United States. We must raise our 
expectations for our children and 
overhaul their science textbooks to 
stop this academic neglect. 
Ron Rainsbury 
Coachella Valley Private Schools 
Palm Springs, Calif. 


What advantages does the ballast bal- 
loon have over a battery-powered 
compressor to recapture and store he- 
lium that would otherwise be vented 
[^Earth-Orbiting Balloon," Oct. '90]? 
You mention a tank that stores 3,000 
pounds of liquid helium to replace the 
gas that's vented. If that vented heli- 
um were saved instead, the reserve 
could surely be cut to just hundreds of 
pounds, saving somewhere near a ton 
of weight—more than a storage bat- 
tery and compressor weigh. 

Louis B. Hall, Pacific City, Ore. 


In the passive mode, a ballast balloon 
requires no energy and only a slight 
change in altitude to cool the helium. 
In the active mode, adding weight by 
pumping air into the ballast balloon 
uses much less power and energy than 
reducing lift by compressing the heli- 
um into high-pressure tanks. When 
converted to gas, the 3,000 pounds of 
liquid helium generates roughly 
18,000 pounds of lift. If the anchor 
balloon were to fail, the balloon could 
remain aloft up to 15 days. Since the 
successful test flight with the ballast 
balloon, the balloonist now plans to 
carry only 1,500 pounds of liquid heli- 
um.—Tim Lachenmeier, Earthwinds 
designer, Sioux Falls, S.D. 


Address letters to Readers Talk Back, Popua Science, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-779-5468. Letters may be edited for space and clarity. 
We regret that we cannot answer unpublished letters. 
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XTRACAB SR5 V6 


"FLAT OUT, NO OTHER TRUCK 
CAN TOUCH IT” 


There's a certain breed of truck owner who accepts nothing 
short of the best. It's for them that Toyota proudly introduces 
the 1991 Xtracab SR5 V6. Up front, Toyota's famous 30-liter 
OHC, EFI V6 is standard equipment. With 150 hp and 180 ft.-Ibs. 
of torque, its performance is the stuff many truck owners only 
dream of. In the back, a rear-wheel Anti-lock Brake System 
(ABS) helps keep that performance under control. It's also stan- 
dard. In fact, Toyotas premier pickup is so loaded, you'll soon 
realize that the only thing it doesnt have... is competition, Call 
1-800-GO-TOYOTA if youd like a truck brochure or the location 
of your nearest dealer. 


“I love what you do for me? 


®© TOYOTA 


Michael Deland, 
Chairman of the Pres- 
ident’s Council of En- 
vironmental Quality 
discusses the Times 
Mirror Magazine's 
Conservation Council 
with President Bush. 
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Environmental 
Your Role 


Quality, my job includes advising President 

Bush on trends in the environment. CEQ pre- 
pares the President's annual report to Congress describ- 
ing how we, as a nation, are fulfilling our duty to be re- 
sponsible stewards of our planet. We are all dependent 
upon our environment, and each of us has a responsi- 
bility to ensure its protection. 

In the last twenty years, the nation posted a solid 
record of environmental cleanup. We saved the bald ea- 
gle and other wildlife from DDT; improved water quali- 
ty on many streams and rivers; and reduced many com- 
mon air pollutants-sulfur is down 28%, soot down 
61%, and lead down 98%. These improvements oc- 
curred while the economy grew by nearly three-quar- 
ters, demonstrating that a strong economy and a healthy 
environment can go hand-in-hand. 

Most promising, however, is that Americans recog- 
nized the benefits of a clean environment and demon- 
strated a commitment to build the laws and institu- 
tions, the science, and the public awareness necessary 
to reach that goal. 

Even so, some trends in the environment remain 
worrisome. Polluted runoff into streams, rivers and 
bays degrades water bodies like the Chesapeake Bay, 
where the striped bass and American shad are reduced 
in numbers. Nearly one-third of the nation’s finfish are 
threatened or declining; waterfowl populations are 
down by a third, with mallards and pintails down by 
half or more since mid-century. Even our “crown jew- 
els”, the national parks, are under stress. 


A s Chairman of the Council on Environmental 


Quality: 


A new CEQ report outlines several ways to cope bet- 
ter with these trends. Foremost among them is prevent- 
ing pollution, rather than spending billions to clean it up. 

Increasingly, companies find that more efficient use of 
materials and energy leads to a healthier environment 
and to healthier profits. Moreover, the prevention ap- 
proach relies upon government incentives, not regula- 
tions, to hamess the creativity of the free market in ser- 
vice to the environment. 

Our conservation efforts can also be improved by 
remembering that plants and animals don't exist in iso- 
lation-they live in functional units called ecosystems. 
Rather than simply managing fragments of the land- 
scape, we need to maintain the biological integrity of 
whole ecosystems. Healthy, diverse, natural communi- 
ties are essential because they contribute to air and wa- 
ter quality, pest management, erosion control, and many 
consumer products. In addition, a healthy environment 
is priceless to millions of people who enjoy life in the 
great American outdoors. 

Many environmental issues seem too distant to af- 
fect us, or too large for any of us to make a difference, 
In fact, every one of us does make a difference. As 
President Bush has said, “Renewal is the way of na- 
ture, and it must now become the way of man. We can 
and should be nature’s advocates.” 

That is our common challenge: to learn more about 
global, national and loca! issues, to consider the envi- 
ronment in our daily actions, and to educate our chil- 
dren to be responsible stewards. Every small, personal 
action can improve the environment we share. By act- 
ing as "nature's advocates”, we can -together- leave a 
Cleaner, safer environment. 


PA Tiea 
Michael R. Deland 
Chairman, Council on Environmental Quality 


Photograph by David Valdez 


Questions 


ne important way to follow CEQ Chairman De- 

land's suggestion of improving the environment 

we share, is to participate in the public debate 
about environmental legislation. Between now and the 
1992 national elections, some of the legislation this debate 
will focus on includes: 

ENDANGERED SPECIES ACT: Often considered 
the most protective environmental law, listing of a plant or 
animal species as threatened or endangered curtails activi- 
ties that negatively affect that species. However, the bio- 
diversity protected by the ESA maintains an ecological 
safety net that protects species at risk and the critical 
habitat on which they depend.. First passed in 1966 and 
modified since, the ESA will be considered for reautho- 
ization in this Congress. Questions that will come up in- 
clude: 1) What criteria should be used to “de-list” a recov- 
ering species? 2) Should the Act focus on ecosystem 
rather than individual species protection? 3) Should every 
subspecies in every geographic area be preserved? 4) 
How should local economic losses that result from an 
ESA listing be considered? 

CLEAN WATER ACT: Wetlands and water quality 
are of vital concem to Times Mirror Magazines’ readers, 
and both are central to the Congressional discussions on 
reauthorization of the CWA. The Act's section 404 permit 
Process is used to prevent the filling of wetlands. But the 


“What is the most important thing Times 
Mirror Magazines’ readers should do to 
affect the conservation of natu- 

@ ral resources?” 


A. "Americans can help conserve natural resources by 
volunteering for public service. Your skills, your energy 
and your concem can help make this a better country for 
all to enjoy." Manuel Lujan, Secretary of the Interior. 
A. "Be a conservation activist in your local community and 
work with your elected representatives to support m 
servation legislation and initiatives." Senator Robert W. 
Kasten, Jr (R-WI), Secretary of Republican Conference. 
A. "Be a well-informed citizen who is willing to act to 
support wise management of our wild critters and con- 
servation of wild places.” John Turner, Director of the 
Fish and Wildlife Service, 

A. “Tell your Senators and Congressmen that you are 
vitally interested in clean air, clean water, and the pro- 
tection of our natural resources; offer any ideas you 
have for achieving these goals; and indicate that you 
will follow closely their actions on these issues.” Sena- 
tor Ernest F. Hollings (D-SC), Chairman of Senate 
Commerce, Science and Transportation Committee. 

A “All Americans should contribute to sustaining the in- 
tegrity of our water resources by leaving no trace of their vis- 
its." HJ. Hatch, Chief, U.S. Army Corps of Engineers. 


Critical Environmental 


Act does not provide maximum protection for high-valued 
wetlands and is sometimes too restrictive for low-valued 
wetlands. Should a better classification scheme be added? 

The CWA lived up to its name-water quality has 
gotten better. But has the Act gone far enough in pro- 
tecting and improving water quality, and where are the 
remaining problem areas? 

ELEVATING ENVIRONMENTAL QUALITY: Sev- 
ral proposals exist to increase the profile of environmental 
issues. A bill has been considered to elevate the Environ- 
mental Protection Agency to the Cabinet. If this bill passes 
in this Congress, will the EPA continue to be only regulato- 
ry or could it begin to provide national policy direction? 

A National Institute for the Environment has been 
proposed. Analogous to the National Institutes of 
Health, would the NIE be able to meet its proposed goal 
of improving the coordination and funding of environ- 
mental research and training? Could this Institute clarify 
the often conflicting pictures painted of the country's 
environmental quality? 

YOUR OPINION MATTERS: The Times Mirror 
Magazines Conservation Council relies on input from 
our readers when selecting environmental issues for in- 
volvement and specific positions to take. We would 
greatly appreciate your thoughts regarding the questions 
posed here, or on any other environmental issues. 

Dr. David B. Rockland 
TMM Conservation Council 
1705 DeSales St., NW 
Washington, D.C 20036 


In this editorial we focused on ways you can make a difference. 
We posed the following question to several prominent public officials. 


A. “Citizens can help conserve our natural resources by 
recycling in their homes and communities and by being 
careful to place all trash in designated bins.” James M. 
Ridenour, Director of the National Park Service. 

A. “Volunteer for a hands-on experience on the nation's 
public lands-it's a tremendous way to leam about the is- 
sues and make a difference." Cy Jamison, Director of 
the Bureau of Land Management. 

A. "Give something back to the land! Use the resource 
concientiously, and volunteer for some activity to improve 
it.” F. Dale Robertson, Chief of the Forest Service. 

A. "We must prepare the next generation to protect 
our planet by teaching our young people to appreciate 
the value of our natural environment.” Senator 
Quentin Burdick (D-ND), Chairman of the Senate 
Environment and Public Works Committee. 

A. “Each of us must become stewards of our natural re- 
sources and defenders of our environment, educating 
ourselves to the values of our natural systems.” 
William K. Reilly, Administrator, Environmental Pro- 
tection Agency. 

A. “Each check each of us writes on that bank of com- 
mon resources leaves a smaller and smaller existing 
balance for our children and grandchildren, and there 


can be no deficit financing when it comes to natural re- 
sources.” Dr. John Knauss, Administrator, National 
Oceanic and Atmospheric Administration. 


MAGAZINE 


HOME VECHANIX 


wa 


Yachting 


SKIING TRADE NEWS| 
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WHATS NEW 


EDITED BY MARCELLE M IERO AND JUDITH ANNE YEAPLE 


German custom-body builder Zender 
chops the Suzuki Swift GTi’s top, 
substituting a GRP cockpit and rear 
decking. Passengers get a wisp of a 
windshield that deflects wind but 
doesn’t obstruct the view. The 1.3- 
liter 16-valve 101-hp engine, 
special suspension tuning, and fot 
tires on alloy wheels deliver spirited 
performance. It costs about 
$17,000 in Germany. 


VERSATILE 
VISE 


Remove the guide bars of the 
Bessey vise clamp, and the jaws 
swivel to grip irregularly shaped 
workpieces. Placing the damp's four 
“/einch pegs in holes on top of the 
jaws lets you work on fragile, cylin- 
drical objects. The $20 tool comes 
with two C-clamps for mounting. 
Leichtung Workshops, 4944 
Commerce Pkwy., Clevelond OH 
441285985. 


The Tempest bike helmet con with- 

stand multiple blows without shat- 

tering, says Aria Sonics of Lafayette, 
FIVE-CHANNEL AMP pregame 
Doit-yourselfers con easily add multiple-channel sound to their cars with the polystyrene, which has a tendency 
BMA 200 five-channel amplifier, claims Blaupunkt. The unit has four 25-watt to cumble, says the company. The 
amplifiers ond one 50-watt channel for a subwoofer. Input circuits are said to $75 Tempest is made of a 
eliminate groundoop and electricaknoise problems. The $330 amplifier is lightweight polypropylene foam that 
slated for introduction this spring. resists damoge. 
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Let Eze Access enter your credit cord 
number into public touch-tone 
phones for you, preventing others 
from seeing the numbers you punch 
in. The $20 device can be pro- 
grammed with three credit card 
numbers and eight phone numbers. 
Communications Network, 7874 N. 
Lincoln Ave., Skokie IL 60077. 


Moon BUGGY 


Future astronauts may drive on the moon in 
this pressurized vehicle, which would have a 
range of 620 miles and could be used for 
missions of up to six 
months. Boeing Co. 
engineers first analyzed 
the Apollo-era Lunar Roving 
Vehicle, then designed the new 
l vehide with improvements in ra- 
diation and thermal protection, 

shock ond vibration control, and 
lubrication and sealants. 
Boeing plans to begin con- 
struction on a smaller, non- 
pressurized vehicle in 1999. 


Block & Decker's extra-long Scorpion Anti-Slip bits help you drive screws in hard 
to reach areas. The Scorpion Anti-Slip design reduces cam-out because driving oc- 
curs at the inner crevice of the Phillips head cross. Available in 3'/7- ond 6-inch 
lengths, the bits come in Phillips or slotted versions. Prices start at $2.50. 
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HAVE A 
HEART 


Thanks to an implanted pump that 
performs the functions of the heart’s 
left ventricle, patients awaiting o 
donor heart won't have to be teth- 
ered to external machines. Designed 
by Thermo Cardiosystems in 
Woburn, Mass., HeartMate is pow- 
ered by a rechargeable battery pack 
worn in a shoulder holster. The im- AT 
plant's textured surface collects cel 


lular deposits from the patient's 
l blood, creting a lining hat helps BETTER BASS IN A BOX 


EXTERHAL BATTERY | 3 prevent the formation of blood clots. Bose Corp. redesigned the bass module for its three-piece Acoustimass 5 sys- 
As mony as 48,000 patients a year tem to reduce the whooshing sound caused by oir rushing out through the 
could benefit from the device original module's two cylindrical ports. In the module for the new $799 Series 


Il system, oir exits through a single port; its elliptical cross section cuts air 
noise by 40 decibels, claims Bose. 


OSPREY 
UPDATE 


The tiltrotor helicopter-airplone hybrid, the V-22 Osprey, success- 

fully completed a series of flight tests at sea last December, 

including this landing on the deck of the U.S.S. Wasp. 
More-advanced operational tests this summer will f 

determine the Osprey's ability to transport Marines and 


f? their equipment. The first V-22s, under joint development — | 

4 by Bell Helicopter Textron and Boeing Helicopters, ore | | 

uU o, scheduled to begin U.S. Marine Corps service in 1994 | 
m wu Price: an estimated $20 million each. 
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STARRY 
NIGHT 


The Astropilot is a clear plastic 
sphere studded with glow-in-the-dark 
“stars” that accurately represent star 
positions in 88 constellations. You 
can arrange the horizon ring and 
“star seeker” to identify the stars 
visible for a specific date and loca- 
tion. Super Science, 2315 N. Laurel 
Ave., Upland CA 91786. Price: $35. 


control regulates five channels. 


EXERCISE ROBOT 


Hammer Strength Corp. in Falmouth, Ky., designs, tests, and analyzes its "er- 


gonomically correct" exercise equipment using a computer-generated three-dimen- 


sional model named Reggie. By watching the jointed model “work out” on a 
piece of equipment, designers can project how o person's body will work with a 
particular machine—before it is built. 

| 


THEATER SOUND 


Add Carver Corp.’s DPL-33 to your stereo system for budget-priced surround-sound 
capabilities with home videotapes or discs. The $450 DPl-33 has a Dolby Pro- 
Logic decoder, a delay processor to simulate concert hall ambience, a five-channel 
remote control, and three amplifiers. With a tope-monitor hookup, the remote 


HIDEAWAY 
WASHERS 


Nozzles beneath the headlights of 
the new Audi 100 pop out about 
two inches to provide a high- 
pressure spray. The headlights are 
cleaned without wiper blades in less 
than one second. When not in use, 
the nozzles tuck out of view. Audi of 
America, 888 W. Big Beaver Rd., 
Troy MI 48007. 


Cadillac's 1992 Seville adds 14 
inches to its length; at 204.3 
inches, it’s virtually the same length 
as the original 1976 model. The 
power train is carried over, with a 
4.9Jiter V8 driving the front wheels. 
The brakes are four-wheel disc, and 
antilock is standard. Prices should 
average about $35,000. 
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er 
the least they could do 


I 
Was 


They punished it. They tortured it. They 
tried it on the rocks, And even mixed it 
with mud. But no matter what they did 
to it, the new mid-size Dodge Dakota V-8 
came back for more. And walked off with 
Petersen’ 4-Wheel "4x4 of the Year" award. 
The power behind its winning ways is a 

potent new avail- 
able 5.2 liter V-8. 
With 170 hp, it's 
got the muscle 
to take this 
4x4 to some of 

America’s most 

wondrous places. 


. 


Dakotas available new V-8 packs 
the power a "4x4 of the Year’ needs. 


A four day four-wheel 
drive torture test. 


The road to victory took 
Dakota over 575 miles of 


Dodge Dakota 4x4 V-8 


every kind of surface 4-Wheel could find. 
In every case, Dakota's new V-8 pulled it 
through. In fact, the editors said Dakota's 
“major muscle made it a runaway.” They 
gave high marks to its easy shift-on-the-fly 
capabilities. Its outstanding acceleration and 
traction. The way its responsive suspension 
handled everything from asphalt to gravel 
comfortably. And summed up by calling the 
new Dakota V-8 “the best all-around new 
4x4 of the 91 model year.” 


Dodge Dakota V-8. Petersen: 


Dakota shows the world what 
a winning 4x4 is made of. 


It should come as no surprise that 
Dakota's bold new styling also came in 
for some well-deserved critical 
approval. 


hrough the mud 
name it 4x4 of the Year" 


-Wheel “4x4 of the Year 


The editors called it “sexy and styled like 
a sports car!’ They also gave top marks for 
its generous standard cargo capacity. And 
with up to 

2,000 lbs of 


Now the "4x4 of the Year" 
has its own exclusive Club. 


Introducing the new Dakota 4x4 Club 
Cab. Now when you go off-road, you'll be 
able to take more with you. Whether it's 
people or all those other things you just 


Prema Dakota xt Cht ab ets you enioy offroading more by — need to keep secure inside, 
N available cargo and 6,500 Ibs of available Welcome home to Dodge. 


towing capacity, Dakota can offer you even 
more of a good thing. Yet its one-of- The new Dodge Dakota V-8. It's 4-Wheel 
a-kind mid-size helps it maneuver magazine's 1991 "4x4 of the Year.’ And 
all of these good things into with its unbeatable 7/70 powertrain 
tight places. Anywhere warranty protection, chances are a new 
you find them. Dakota V-8 could be your 4x4 of the year 
: for many years to come* Making the Dakota 
V-8 4x4 one award-winning reason 
to come home to Dodge this year. 


"See this limited warranty and its restrictions. 
at your dealer. 


BUY OR LEASE AT YOUR DODGE DEALER. 
Buckle up for safety. 


Dodge reminds you to "Tread Lightly!” 
when you go off-road. 


Welcome Home, America. & 


Advantage:Dodge. 


BETTER THAN BLINDS 
Varilite Vision Panels sandwich a liquid-crystal film between two panes of glass. 
Apply a voltage via a light switch, and the crystals align to transmit light. Without 
the current, the glass frosts. The windows, made by Talig Corp. of Sunnyvale, 
Calif., cost $100 per square foot ["Amazing Glozing," Aug. '88]. 
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Restore dulled drill bits with Mortek's 
$50 professional sharpening kit. 
Two grinding stones—aluminum 
oxide for steel bits and silicone 
carbide for masonry bits—won't 
overheat the bits while sharpening, 
daims Martek International, 15 
Spinning Wheel Rd., Suite 402, 
Hindsdale IL 60521 


The wireless, battery-powered 
Cydocomputer displays six cyding 
functions, induding speed. With 
each wheel revolution, a magnet 
on the spokes sends a pulse to the 
transmitter on the bicycle’s front 
fork, which then activates the 
display on the handlebars. Raleigh 
Industries, Triumph Rd., Nottingham 
NG7 2DD, England. 


SAILING 

The Blue Nova is the first craft to 
incorporate the computer-controlled 
rigid soils developed last summer 
["Wingsoil Trimaran,” June '90]. 
One person can sail the luxury 
trimoron by setting course and 
speed from the cockpit; the three 
upright airfoil elements then pivot 
automatically according to wind 
direction and velocity. Walker 
Wingsail Systems PLC, Devonport 
Royal Dockyard, Plymouth PLI 
456, England. 


SMALLEST 
FAX 


The Guiness Book of World Records, 
1991 edition, names Ricoh’s PF-1 as 
the world’s smallest facsimile ma- 
chine capable of sending and receiv- 
ing 8/2 -by-T1-inch documents. The 
machine measures 11 by 7 by 2 
inches ond weighs 5'/ pounds. 
Ricoh Corp., 5 Dedrick PI., West 
Caldwell NJ 07006; $1,695. 


YACHT, 

OR NOT? 

These spiky office towers proposed 
for London's Isle of Dogs resemble a 
twomasted sailing yacht with spin- 
naker rigging. The glass-and-stee! 
walls are designed to lower the 
center of wind pressure for better 
stability in gale-force conditions. 
Designed by Ove Arup & Partners, 
the buildings would tower 580 feet 
above the Thames. 


Placing the Sure Pour spout in a gas 
tank and pressing down gently 
opens the device's slide valve. 
When the tank is full, the nozzle 
doses automatically, preventing 
spills. Vapors are vented back into 
the fuel container. Vemco, Inc., 351 
Dion St., Emmett ID 83617; $12. 


No-HANDS 
HEADSET 


The MobilStar single-eor headset 
provides handsfree communication 
for cellular phone users. Its micro- 
phone reduces background noise as 
much as 10 to 15 decibels compared 
with a regular headset, says 
Plantronics, Inc., 345 Encinal St., 
Santa Cruz CA 95060. Price: $150. 


MAGNETIC TRAIN 


The Super Speed Linear 2001 toy train from Toybox 
Corp., a Japanese toy manufacturer, runs on the same 
principle os an actual linear motor train. The inter- 
action between magnetic fields generated by electro- 
magnets in the train’s cars and permanent magnets in 
the track propels the train. Available in Japan, the 
2001 has interlocking tracks that can be reconfigured. 
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Got a hole to dig? Rent the Super Shovel SS60. Small enough to pass through a 
standard door frame, this 600-pound machine con dig to a depth of four feet with 
750 pounds of force. Two levers control the arm’s swing ond extension ond the 
bucket's movement. Manufactured by Kobelco America of Houston, the shovel | 
con be rented for about $100 per day or purchased for about $9,000. It should 

be available through rental outlets later this year. 


PAINTING 
| PARTNER | 


| Clip Dripmate to the rim of o paint 
con for a brush rest and wiping edge 
that drips excess paint back into the 

| container. Six sizes are available. 
Dripmate Ltd., Orchard House, 16 
Henham Gardens, East Peckhom, 
Tonbridge, Kent TN12 SPD, England. 


KEEP IN TOUCH 


The PagerPhone, a pocket-size portable cellular telephone, has a builtin pager 
that displays incoming messages of up to 40 words. Included with the $1,895 
phone is access to Universal Paging, a nationwide roaming pager service that 
forwards messages to the phone anywhere in the country. The user then selects 
only those calls he wishes to return. Universal Cellular, 3365 Miraloma Ave., 
Anaheim CA 92806. 


RESCUE 
NO STRINGS ATTACHED TRAINER 


Unlike a humon volunteer, this 
rescue training dummy used at 
offshore oil rigs and by fire service 


A combination lawn blower and vacuum goes cor 
Paramount's model CB 120. Powered by a 124 
battery pack, the unit generates an 80-mph airflow 


operated in the blower mode. A 1°’-bushel bo ; componies plays an unconscious 
attached to sweep up leaves and debris. The less: ~ 3 victim without complaint. Covered 
device will operate for up to 25 minutes without recharg aT with polyurethane foam “flesh,” its 
wM À steel skeleton has joints that — | 
bf 1 


duplicate humon movements. Ogle 
Design, Birds Hill, Letchworth, Herts 
S66 1JA, England 


5 bedrooms, 

3 baths, 
1claw-foot tub, 
6 French doors, 


...and 1 State Farm agent. 


ils price was right at the upper limit 


of their budget, and remodeling would be 
expensive, but when you reach for a dream, 
sometimes you have to stretch. When Greg 


and Candace Gremel found their dream 
house, they didn't let anything stop them from 
buying it. And when it came to homeowners 
insurance, they didn't trust anyone but their 


State Farm agent — Karen Smith 


She made sure their home got all the protec- 
tion it needed, while Greg and Candace got all 
the personal service they needed. Karen took 
good care of them, from carefully explaining 
the features of their policy, to making sure 


they had the documentation they needed at 
the closing. 


State Farm agents know they re not just pro- 
tecting a house, they re pretecting a dream. 


Like a good neighbor, 
State Farm is there. 


There’ Ri newabout having everything | 


When you become a member of 
CompuServe, you join a vital, 
active community of over 750,000 
friends and neighbors from all over 
the world. 

Small-town friendly We 
keep in touch with electronic mail 
and faxes, and by posting messages 
on our bulletin boards. We even meet 
in forums to discuss everything 
from science fiction to sharing 
software, and to get invaluable 
personal computer software 
and hardware support. And that's 


towns: people helping people. 
Big-city opportunities. But 
we can also shop coast-to-coast 
at hundreds of nationally known 
stores, and take advantage of a 
world-class library. We have 


one of the best things about small “uals 


~youneed inoneplace. = 


access to the latest 
national and interna- 
tional news. And our 
` special financial files 
| offer complete statistics 
on over 10,000 
NYSE, 


Ny 


Enter |) 


a 


AMEX, and OTC securities. 

We can even trade online with 
our local discount brokers. 

And, just for fun . . . We've 
also got games — everything from 
trivia to TV-style game shows with 


With CompuServe kballatyourfingenüps 


live entertainment to interactive 
space and fantasy adventures. 

We've got airline schedules, 
so you can check out the bargains 
and book your own flights online. 
We even have listings from over 
35,000 hotels. 

It's not hard to get here. To 
get to CompuServe, all you need 
is a computer and a modem. We'll 
send you everything else, includ- 
ing a $25.00 Usage Credit. In most 
places you'll be able to go online 


| with a local phone call. 


‘To buy a CompuServe Mem- 
bership Kit, see your nearest 
computer dealer. To receive our 
informative brochure or to order 
direct, call today, 


800 848-8199 
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Edited by DAWN STOVER 


Keck Telescope debut 


With only one-fourth of its mirror seg- 
ments in place, the Keck Telescope 
atop Mauna Kea in Hawaii produced 
its first photographs, including a pic- 
ture of a spiral galaxy 65 million light- 
years away. (A light-year is equal to al- 
most six trillion miles.) The telescope's 
light-gathering surface is already as 
large as that of the Hale Telescope on 
Mount Palomar in California, the 
world’s largest single-mirror telescope. 
When it is completed, Keck will be four 
times as powerful as Hale. 

Optical telescopes use mirrors to 
gather light from distant celestial ob- 
jects. The larger the mirror, the more 
light it reflects—and the easier it is to 


CALIFORNIA ASSOCIATION FOR RESEARCH IN ASTRONOMY 


see the remote object. However, grind- 
ing and supporting a single, large mir- 
ror is difficult. The designers of the W. 
M. Keck Observatory solved this prob- 
lem by using an array of easily pro- 
duced small mirrors and aligning 
them with great precision. “It keeps all 
of the pieces of the telescope down to a 
manageable size, including the mir- 
ror,” says Gerald Smith, project man- 
ager at Keck. “So instead of having to 
make a huge ten-meter mirror, what 
we're making is [many] 1.8-meter 
mirrors." 

During the telescope's first test, 
each of nine hexagonal mirrors gath- 
ered light from the entire galaxy. A 
computer then superimposed the im- 
ages. Ultimately, 36 mirrors will be set 


up in phase to produce a single image. 
Getting the pieces to work together is 
the key to the success of the unortho- 
dox telescope design. "The alignment 
and control system is really a thing of 
beauty," says Smith. Sensors and actu- 
ators keep adjacent mirrors aligned 
to within five billionths of a meter. 
—Vernon M. Church 


Wind power for Antarctica 


Tourists and scientists are contami- 
nating the white vistas of Antarctica, 
once a pristine continent. The bays ad- 
jacent to research stations are polluted 
with toxic wastes and human sewage. 
Abandoned jeeps and oil drums sink 
slowly into the icecap. And the air 
around Antarctica's settlements is rife 
with fumes exhausted from oil-burning 
heaters and generators. 

Taking a step toward reducing 
man's impact on the continent, Japan's 
National Institute of Polar Research 
will test a wind-powered generator at 
its Asuka observation station this 
year. The institute has experimented 
with wind generators in the past, but 
they were modified or handmade ma- 
chines that performed poorly in frigid 
conditions. This time, the institute and 
a panel of academic and industry ex- 
perts developed a system they hope 
will stand up to temperatures that can 
range down to minus 100 degrees F. 
The generator is similar to a conven- 
tional windmill, but fabricated from 
Steel and composite materials selected 
for their low-temperature perfor- 
mance. Special lubricants are also be- 
ing used. 

The generator produces a maximum 
of five kilowatts of power. Because it is 
experimental, it won't be counted on 
for any part of the station's 24-kilowatt 
electrical power demand. The year- 
long test is expected to supply data for 
designing bigger, more reliable sys- 
tems in the future. 

The institute estimates that fuel oil 
for heat and electricity generation ac- 
counts for about 60 percent of the 500 
tons of mechanical equipment and 
supplies shipped to the Japanese base 
each year. If the base can cut its oil us- 
age by relying partially on wind-gener- 


Une e BA O1 pier ton hy E Rr. 
completed Keck Telescope is a computer-enhat 

image of a spiral galaxy named NGC 1232, 65 
million light-years away. 
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— HIGH TECH 


launchers plus support equipment. 


THE ANTI-MISSILE MISSILE 
A Patriot missile (above) roars aloft from a four- 
tube launcher. A fire unit (below) includes eight 


INCOMING 
MISSILE 


BY STUART F. BROWN 


the Persian Gulf, the call 
to general quarters on the 
U.S.S. Wisconsin sounds no 
different than it did 47 years 
ago when the venerable bat- 
tleship was commissioned. At 
the same time, pilots clear for 
takeoff at a Saudi Arabian air- 
field, where traditional sand- 
bags stacked in revetments 
protect troops manning anti- 
aircraft emplacements. To ob- 
servers in Baghdad, however, 
the attack is like none previ- 
ously experienced. They see a 
cruise missile make two sharp 
turns, skirting the Al-Rashid 
Hotel as it flies knowingly to 
its designated target. The 
stealth planes’ payloads score 
with startling accuracy: The 
laser-guided "smart" bombs lit- 
erally knock down the doors 
of their Iraqi targets. And 
when a Patriot missile in Dhahran, Saudi 
Arabia, intercepts an incoming Scud missile 
and obliterates it in a ball of fire, it is the first 
Such event in the history of warfare. Here are 
some of the details of this high-tech conflict: 
Shortly after 2 a.m. on Jan. 17, a solid-fuel 


i n the predawn darkness of 


RAYTHEON CO. 


TOMAHAWKS HUG THE TERRAIN 


booster rocket spits a ship-based cruise mis- 
sile from its deck-mounted launcher, giving 
the 21-foot Tomahawk time to unfold a pair 
of stubby wings and power up its pint-size 
600-pound thrust turbojet engine for the sky- 
ward climb. 

Heading toward land at a subsonic speed 
of about 550 mph, the missile begins weav- 
ing from side to side as it crosses the shore- 
line and proceeds inland. The Tomahawk's 
guidance system employs a radar altimeter 
to sample the lay of the land by a method 
known as terrain-contour mapping. Then it 
uses a digital scene-matching area correla- 
tion (just say DSMAC) sensor to compare 
what it's seeing with internal reference maps 
containing topographic profile scenes gath- 
ered by spy satellites. 

By making periodic course corrections with 
movable tail fins to match its actual height 
above the ground with that in the stored ter- 
rain scenes, the missile accurately adheres 
to a programmed flight path leading hun- 
dreds of miles to its destination—a specific 
target previously chosen by Navy specialists 
in Norfolk, Va. Flying at an altitude of less 
than 100 feet, the Tomahawk slinks under 
radars and past air defenses to begin thread- 
ing its way through downtown Baghdad. 

Soon the kerosene-fueled missile flashes a 
strobe light illuminating the dark scene 
ahead, which it scans with a small digital 
camera. Aligning the camera's field of view 
with a photo image of the target residing in its 


Air for the cruise missile’s jet engine enters through a scoop (above) near the tail. Launched from a 
battleship in the Persian Gulf (below), a Tomahawk snakes en route to its target in Baghdad. 


TOMAHAWK TACTICAL 
LAND-ATTACK CRUISE 
MISSILE (TLAM-C) 
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HITS AT IRAQ 


ILLUSTRATIONS BY JANA BRENNING 


memory, the guidance system refines the 
last few seconds of the missile's trajectory to 
ensure a square hit. The weapon inflicts 
heavy damage on Baghdad's main telecom- 
munications center with its 1,000-pound 
high-explosive Bullpup warhead. Other in- 
coming Tomahawks complete the job. 

At about the same time the Tomahawk is 
flying to Baghdad, a triangular black aircraft 
takes off from a base in the mountainous 
western region of Saudi Arabia. Its combina- 
tion of special materials and an oddly 
faceted upper fuselage is claimed to give the 
Lockheed F-117A attack plane the ability to 
elude radar detection by both absorbing the 
microwaves and reflecting them away from 
enemy antennae. The craft carries laser- 
guided smart bombs that are actually 
steered to their targets. 

The stealth plane's lone pilot flies through 
the darkness and initially sights his target 
with the help of an extremely accurate inertial 
navigation system (INS) and a forward-look- 
ing infrared (FLIR) device that casts a sur- 
prisingly bright heat-signature image of the 
night-shrouded ground below onto a head-up 
display in the cockpit. 

Closing in and switching the night-vision 
device to its “telephoto” mode, the pilot lets 
his airplane's INS automatically aim the FLIR 
toward the target's known location, while he 
concentrates on pinpointing it. As he aligns 
the FLIR's cross hairs with the approaching 
target—a square multistory building—a laser 


designator in the system projects a spot of 
light onto the structure. 

At about 3 a.m., he releases a 2,000-pound 
GBU-24 smart bomb, which uses a laser- 
seeking nose, guidance electronics, and 
movable fins, to glide toward the laser light 
reflected from the illuminated point on the 
building. As the aircraft's pyramidlike form 
eclipses his view of the target below, the F- 
117A pilot switches from the FLIR to an un- 
derbelly-mounted downward-looking infrared 
(DLIR) system that lets him keep the bomb 
on course while veering away from surround- 
ing air defenses. 

A videotape of the DLIR image shows the 
devastating result. "This is my counterpart's 
headquarters in Baghdad, the headquarters 
of the Iraqi air force,” Lt. Gen. Charles 
Horner, commander of the allied air forces, 
observes wryly during a press conference on 
Jan. 19. "The airplane overflies the building 
and drops the bomb down through the center 
of the building." 

Before dawn on Jan. 18, a U.S. Army crew- 
man at his post in front of a green-tinted 
radar screen in a trailer full of electronic 
equipment notices a deadly trace he has 
been trained to recognize: a Soviet-built Iraqi 
Scud missile arcing inward at more than 
4,000 mph on its parabolic trajectory from a 
mobile launcher in southern Iraq. The crew 
of the Patriot anti-missile fire unit sounds an 
alarm warning allied personnel at the nearby 
Dhahran Royal Saudi Air Force base. 


Switched onto its automatic control mode, 
the Patriot system's phased-array radar 
tracks the crude but potentially destructive 
incoming Scud, while its fire-control soft- 
ware calculates a probable interception 
point. At 4:28 a.m., a Patriot missile streaks 
skyward at 2,000 mph from its mobile 
launching unit, locks onto the approaching 
Scud, and destroys it a few moments later. 
Shattered remains of the two missiles land 
in the nearby desert. 

Patriot units get as much as five minutes 
warning of Scud launches through ground 
Stations in Alice Springs, Australia, and Col- 
orado Springs, Colo. The stations relay data 
from Air Force missile-warning satellites 
tracking the missiles’ hot exhaust plumes 
from the time they leave the ground. 

Cruise missiles, smart bombs, and other 
high-tech weapons have been developed 
and refined over the past 20 years. Now, 
these new arms have proven themselves 
in battle—to the surprise of even some 
Pentagon insiders. A high-ranking Army of- 
ficer involved in the Patriot program ex- 
pressed doubt about the missile's effec- 
tiveness only days before the conflict 
began. A journalist had remarked, "If the 
Air Force doesn't get them on the ground, 
it's up to your guys [Patriot crews] to get 
the Scuds in the air." Replied the officer: 
"Better get them on the ground." 


T-17A STEALTH 
ATTACK PLANE 


STEALTHY PLANE, SMART BOMBS 


The F-117A's cross hairs (above) are on Iraqi 
air force Moments later a smart 
bomb plunges down the central oir shaft. 
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ated electricity, it will reduce trans- 
portation costs as well as damage to 
the fragile surrounding environment. 
—Dennis Normile 


Cool-burning natural gas 


Most technological advances—auto- 
mobiles, plastics, electronics—are 
accompanied by environmental set- 
backs. But scientists at the Lawrence 


Berkeley Laboratory in California 
have developed a clean way to process 
methane, the principal ingredient of 
natural gas. The new method would 
generate petrochemicals and avoid 
the creation of carbon dioxide, a 
major cause of global warming. 

“This opens the possibility of using 
natural gas to produce chemicals and 
fuels that are currently made from 
petroleum,” says Heinz Heinemann, a 


MITCHELL J ALBALA — SOURCE MARROWTECH 


Artificial skin has long been a dream of 
burn doctors, but it may not be a dream 
much longer. Two companies have recent- 
ly begun clinical trials on skin equivalents 
that can be grafted in place of human skin. 
If either company is successful, it will forev- 
er change the treatment of severe burns 
and other skin injuries. 

Skin has defied successful transplanta- 
tion because of its high immunogenicity. 
Transplanted skin excites a strong re- 
sponse in the recipient's immune system 
and is invariably rejected. Because of this, 
burn victims and others who need new skin 
have always received autologous grafts, or 
autografts, in which a thin slice of skin is 
taken from an unharmed part of the vic- 
tim's body and grafted over the wound. But 
an autograft creates a wound at the donor 
Site almost as serious as the one it is sup- 
posed to heal. Arid the treatment is impos- 
Sible for patients burned over much more 
than 50 percent of the body: There isn't 
enough good skin to go around. 

Organogenesis Inc. in Cambridge, Mass., 
claims to have developed a living skin 
equivalent called Graftskin that would make 
autografts unnecessary. Like real skin, it has 
an epidermis (the outer layer) and a dermis 
(the inner layer). Graftskin is cultured by 
placing skin cells in a solution of bovine col- 
lagen. (Collagen is a fibrous protein, the 
principal ingredient in much of the body's 
connective tissue. It's also the substance 
that makes Jell-O gel.) The mix is then fed a 
soup of nutrients normally found in the hu- 
man bloodstream, and the cells rapidly grow 
into four-by-eight-inch sheets of Graftskin. 


Organogenesis hopes to prove in clinical 
trials that this process eliminates the anti- 
gens that provoke the immune response. 
But other researchers in the field are skep- 
tical. Tests of similar products have shown 
that cultured skin remains stubbornly im- 
munogenic no matter what is done to it. 
“The people who say [artificial skin] grafts 
don't survive have far more scientific evi- 
dence than those who say they do,” says 
Dr. Tania Phillips, assistant professor of 
dermatology at Boston University. 

Because the epidermis appears to be the 
seat of immunogenic agents, Marrow- 
Tech, a company in La Jolla, Calif., is only 
taking a dermal equivalent into its clinical 
trials. The dermal matter is grown in a ster- 
ile plastic bag that contains a biodegrad- 
able mesh (above). Skin cells are placed in 
the bag, where they attach to the mesh 
and multiply when nutrients are poured 
across them. The mesh later dissolves, 
leaving behind the cultured dermis. In clini- 
cal trials, the dermal equivalent will be cov- 
ered with a thin autograft of epidermis. 

Marrow-Tech and Organogenesis hope 
to. complete their trials in about two years 
and have their products on the market 
shortly thereafter. In the meantime, both 
companies have begun marketing artificial- 
skin test kits that can be used to determine 
the toxicity and side effects of new skin 
products, such as cosmetics. Each kit con- 
tains a test swatch, usually one inch 
square, of artificial skin. Both companies 
claim that their kits provide an inexpensive 
alternative to costly (and controversial) ani- 
mal testing.— Tom Szentgyorgyi 


senior scientist at the laboratory who 
conceived the method with Pedro 
Pereira and Gabor Somorjai. “You 
make only ethylene, ethane, propy- 
lene, and propane. These are the ba- 
sic products of the chemical industry," 
says Heinemann. Methane is so 
abundant in the United States that 
the discovery could theoretically re- 
duce the nation's dependence on oil. 

The Berkeley team has invented a 
powdered catalyst of calcium, nickel, 
and potassium oxide. They mix 
methane and the catalyst with steam 
—a novel idea in their field—and they 
lower the traditional temperature of 
the reaction by 25 percent, to 1,100 
degrees F. Heinemann does not know 
exactly how the process works, but its 
result is clear: combustion that never 
becomes hot enough to fuse carbon 
and oxygen into carbon dioxide. 
"Traditionally, you make twenty 
percent carbon dioxide," he says. ^We 
usually have less than one percent." 
—Mark D. Uehling 


Subatomic buckshot 


The “brain” of a typical computer is 
one or, at most, several central proces- 
sors that solve problems one step at a 
time. But long before the first comput- 
er was built, mathematicians proposed 
breaking problems down into many 
small pieces that could be worked on 
simultaneously. That idea resurfaced 
when computer scientists began exper- 
imenting with “parallel” computers, 
which use hundreds or thousands of 
relatively simple processors working 
side by side on the same problem. 

Parallel computers now can routine- 
ly solve problems that only a few years 
ago were a challenge for even the best 
serial supercomputers, according to 
scientists at Sandia National Labora- 
tories in Albuquerque, N.M. “It’s a 
misimpression that [parallel comput- 
ing] is still off in the future,” says Ed- 
win Barsis, director of computer sci- 
ence and mathematics at Sandia. “It’s 
more than just a promising tool. It’s 
here now.” At Sandia, multi-processor 
machines are currently running many 
large, complex programs including 
models of Earth’s climate and simula- 
tions of atomic and subatomic process- 
es. The parallel computers also pro- 
duce graphic representations of huge 
amounts of data more quickly than se- 
rial machines. By visualizing informa- 
tion, instead of just looking at columns 
of numbers, scientists can better un- 
derstand what happens during compli- 
cated processes. 

Buckshot, a recent simulation pro- 
gram run on a 1,024-processor nCUBE 
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Mike Hellman, manager of the hi 

Milwaukee, WI, Kmart, thinks — |y) 

everyone should visit the M 

automotive department about M 

once a month fo prevent more d 

costly visits to the service shop. h 

[A] GE Halogen Headlights. Single h 

lights H4561, H4656, H5001 and — i 

H5006. 55... ctos 5.47 ca. |) 

Dual ight or bulb H6054, H6024 | | 

and 9004BP........ 10.47 ea. M 

[B] AC Delco Spark Plugs. Popular M 

Sizes sold in 4, 6 & 8-packs only. M 

For many cars and light trucks. h 

Resistor only.......... 99 ca. hi 

[E] Liquid Crystal Cream or Liquid | 

Wax. 16-02. size... 10.97 ca. h 

Liquid Crystal Wash. 16-oz. sive... 247 hi 

[D] Duraguard Oii Filters. "AC Delco. hi 

It's like buying time.” For many cars — |j; 

and light trucks ......... 199 || 

V 

oo tM 

My 

On sale March 24 - April 13, Imi 
1991,atallUS.A.Kmartstores. |, 
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Listen to the 
experts and save. 


[A] Kraco Alarm. Mobile alarm with 
remote control. Model KMSO07 
69.00 


[B] Cobra Radar Detector. Compact 
superheterodyne responds to X 
and K band radar. Visual and audio 
alarms, highway/city switch and 
anti-false alarm system. Dash or 
visor mount. Model RD3120 


Triband Radar Detector. Separate X, K and 
KO band indicators. Model RD3175 


Not available in CT and VA. 


[E] Sony AM/FM Stereo Cassette 
Deck. Auto-reverse cassette stereo. 
Seek and preset tuning. 

Model ESR-11 139.00 
Sony Speakers. 80 watts. 8^x 9^ 2-way coaxial 
speakers. Large high-energy magnet. 

Model ES-592 49. 


[D] Pioneer Stereo Cassette Deck. 
Auto replay, fast forward, rewind and 
balance control. Model KP2220A 


Pioneer Speakers. 6"x 9" MAXXIAL® 2-way 
speakers. 100 watts. Model TS6933 
64.00 


Dave Dillon's 1990 red IROC 
Z28 Camaro looks fast just 
sitting in his driveway in 
Dallas. He keeps it that way 
with plenty of wax from the 
Walton Walker Boulevard 
Kmart when it's sunny, and a 
good car cover when it rains. 


[E] Jensen AM/FM Stereo Cassette 
Package. Fast forward, rewind, 
balance control and dual cone 
Speakers. Simple wiring instruc- 
tions included. Model CS4500 

l 
Jensen Amplifier. 75 watts continuous. Com- 
pact disc ready. 140 watts peak program. 
Model JPT 1693 ..69.00 


[F] Audiovox Stereo Cassette. 
Cassette deck with clock. Electron- 
ically tuned AM/FM/MPX radio. 
Model AV952 89.00 
‘Audiovox Amplifier. 50-watt equalizer, LED 
controls with dual power meters. 

Model AMP785 . 49.00 


[E] Sparkomatic AM/FM Stereo 
Cassette and Speaker Kit. 

Model C45 39.00 
Sparkomatic Speakers. 120-watt 3-way. 
Model SK63 or 160-watt 3-way. Model SK693 
Your choice .................24,00 


[H] Sparkomatic AM/FM CD Player. 
Compact disc player with synthesizer 
tuner, scan and more. 25-watt out- 
put. Model SR 600.... 327.00 


[T] Sparkomatic AM/FM Stereo 
Cassette. For many cars and light 
trucks. Model SR300. ..29.00 


The quality you need, 
the price you want. 


sm 


Accessorize 
the easy way with 
great prices. 


-4Auto Tip» 
In addition to using a steering 
wheel lock for your car, always 
remember to turn your wheel 
all the way to one side and to 
park into a wall or solid object 
so you can't be towed. 


A| Saddleman Grand Sport Seat 
Covers. Rugged olefin fabric provides 
comfort and protection. Assorted 
colores cote 97. 


Allison Ultra-Plush Seat Covers. 
Deluxe plush pile for high- and low- 
back seats. Saddle Blanket Truck 
Seat Covers. 


Your choice ........ 19.97ea 


C | Allison Playboy Seat Covers. 
Stretches over regular and high-back 
bucket seats. Assorted colors 

$^ 19.972. 


Poly/Cotton Car Cover. 35% 
cotton, 65% polyester. Water 
repellent, zipper reinforcement, 
duffel bag. Medlum/Larag age 
UR Ng A 


Auto Truck: Va 
Seat Caves 


As of December 1990, Kmarts 
across the country had processed 
more than 2,400,000 batteries for 
recycling. When you bring in 
your old marine or car batteries, 
you'll receive $2 apiece for them. 
And since every part of an old: 
battery can be reclaimed, 
nothing has to pollute 
the environment. (Limit 
12 batteries, please.) 


Nylon Car Cover. Protects your 

car in summer or winter. Only at 

Kmart. Medium/Large/X-Large 
19.77 


F | Ultima Floor Mats. Plush mildew- 
and stain-resistant mats. Tacky 

back prevents slipping. Available in 
assorted colors 19.97... 
2-piece truck mats, assorted colors 


Minivan Mats. For Chrysler, 
Chevy and Ford minivans. 3-piece, 
assorted colors 14.97. 


[G] Anes Big Stick Steering Wheel 
Lock. Restricts steering wheel move- 
ment. Attaches to any steering wheel 

css 29.97 


H | Regency Seat Covers. Simulated 
lambswool. Assorted colors 
97 ca. 


The quality you need, 
the price you. want. 


Uniroyal Tires 

A | Laredo. 40,000-mile warranty. 
Multi-ply for added strength. For 
pickups, vans and 4x4s. 


B| Tiger Paw Plus. Lowest price 

ever. 55,000-mile limited warranty, 
all-season tread design. Radial-ply 
construction. White sidewall styling 


C | Tiger Paw A/S. 35,000-mile 
warranty. Radial-ply construction 
featuring 2 steel belts. White sidewall 
styling. 


D | Monroe Gas-Matic® Shocks. 
Warranted for as long as you own 
your car, Available for many US. 
and import models. Installation 
available 15.97 ea 


E | Monroe Gas-Magnum® Shocks. 
The ultimate shock for light-duty 
trucks. Available in popular sizes 
fe ea. 


F | Monroe Gas-Matic® Struts. All 
Strut prices are carryout. Parts and 
service are extra 

.27.97 to 39.97:. 
Load Handler Springs 59.973» 
Shocks and springs sold carryout. Installation 
available in stores with auto service. 
$25,000 Sate Money Sweepstakes from 
Monroe. Win a $25,000 US. savings bond 
by having your shocks and struts inspected. 
Details in store. 


Tires for Pickups, Vans & 4 x 4s 


Uniroyal Laredo 


|P23S/7SR1SXL-RWL | 79.87 |31x10 50R15/6-RWL 


99.97 


30x9 SORISIE-RWL | 89.97 [L723 S85R16/10.8W 


99.97 


RWL Raised White Lettering 


BW—Blackwall 


Uniroyal Tiger Paw Plus 


SIZE PRICE 


P155/80R13 397 


P165/80R13 Er 


P175/80813 4097 


pusmmo | 42.97 | 


P18S/75R14 A497 


P195/75814 CU] 


POOSTSRM | $1.87 | P235/75R15 


P205/75R15 51.97 


Uniroyal Tiger Paw A/S 


P155/80R13 asn P205/75R14 


P165/80R13 3097 P205/75R15 


P175/80R13 EXI P215/75R15 


P185/80R13 35.97 P225/75R15 


P185/75R14 36.97 P235/75R15 


PI95/75R14 38.97 


Metric Blackwall 


Vo 
| voyager A thin film of petroleum jelly 
| m applied to alloy wheels helps 
keep road salt, bugs, grease and 
dirt from permanently staining 
rims. Wipe off after applying to 
leave only a very thin coat. 


& | Bridgestone Tires. 55,000-mile 
warranty. Responsive handling, 
resists shoulder wear. Speed rated 
- at 112 mph. 


PISSISORIS | 38. Y Delco Voyager Marine Batteries 
PISIS | A41 L d [H] KC24. 620 MCAs. For many boats 
PITSAT 49.93 
P185/80R13 SRI3BW s 
PIBSTSATS 

PI95/75R14 PIBS/70SR148W LL} KM24, Dual-purpose starting, 
POOS/TSR14 PISS/70SRI4BW trolling and RV battery. 620 MCAs, 
P06/705R BW. 125-minute reserve....64.93 


[J | KM27. 720 MCAS. Extra reserve 
to power accessories. Maintenance- 
free construction. Rope handle 
with comfort grip 69.93 
Shumacher Deep-Cycle 12-Volt Batter 
Charger 9, 


Exide Batteries 

K | Centura 850. Our most powerful 
battery for superior starting perfor- 
mance. 75-month warranty 


59.77 


Centura 650. High-performance 
iting power. 75-month warranty 
49.77 


Motorvator 65. Up to 550 cold- 
cranking amps. 65-month warranty 


39.77 


Tires and service in stores with service only. 
Tire and battery prices do not include state 
disposal fees if applicable. 
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The quality you need, 
the price you-want. 


[A] Pennzoil Motor Oil. Quality 
protection since 1889. HD-30, 
10W-30 and 10W-40 viscosities 
HD-30 222, 1.09 « 
10W-30 and 10W-40 . ~. 1.19 qt. 
[B] AC Delco Air Filters. Quality 
engine protection for many cars 
Airfiter panel... 

Not available in ail stores. 


[C] Black and Clear Auto Seal. 


| -.2.8 fI. oz. For repairing trim, vi 


tops and upholstery =... 2. 


| — [D] Windshield Glass Seal. 25 1. 
|. Flowable silicone sealant to seal 
leaks... 2.00* 


"Save $2.00 with mail-in manufacturer's 
rebate. Details in store. 


|. [E] Amoco Universal Automatic 
‘Transmission Fluid. Multipurpose 
fluid for most cars and trucks. 


[F] Mobil Synthetic Oil. Turbo race 
proven. #1 in performance and 
protection: 10W-30 s . 9.2 7a. 


PENNZOIL 


“s. D 


Chris Martinson, a technician 
at the Brick Town Kmart in 
New Jersey, says a good way to 
increase engine performance is 
to alternate tanks of fuel with 
fill-ups of super premium un- 
leaded. This will keep injectors 
or carburetor linkages clean, as 
well as increasing acceleration 
and decreasing valve deposits. 


Mechanic's Creeper. Profes- 
sional quality molded plastic creeper 
with side bins and swivel casters 


H| Standard Ramp. One-piece 
heavy-duty construction with built- 
in wheel stop. Slip-resistant incline 
with standard 8” lift. 6500 Ibs. 
maximum capacity 17.00 


[1]3-Ton Jack Stands. Two ratchet- 
adjustable jack stands with locking 
pins... . M 17.0 

2Ve-Ton Garage Jack 79.97 


4 |2-Ton Promo Floor Jack. 

Rectangular saddle. Swivel caster 

for easy positioning. Wheels 
TU 


2-6 Ton Hydraulic Jacks 
8.97 to 12.97 
Style and manufacturer may vary. 


The quality you need, 
the price you want. 


su 


Heavy-duty 
accessories at 
easy-to-handle 
prices. 


A| 7-Gallon Portable Air Tank. 
On/off switch, solid brass manifold. 
Pressure gauge and industrial hose 


Not available in NJ. 


5-Gallon Air Tank 19.97 
[B] 3-in-1 Air Compressor. Compact 


12-volt compressor inflates tires, 
balls and mattresses. Includes 
gauge 16.77 
4-in-A Compressor 19.97 


Mini Air Compressor. Compact 
175 psi. Legs and hose retract for 
glove compartment storage 


[D] Deluxe Air Compressor. 12-volt 
225 psi compressor with pressure 
gauge, emergency light and warning 
flasher 24. 


E | Black & Decker Car Vac. 

Compact 12-volt car vac plugs into 
cigarette lighter 13.97 
12-VoltCar Vac. Compact vac with reusable bag 
21.97 


[F | Black & Decker 
Polisher/Polisher Sander. Dual-speed 
car polisher and sander. 

8” Random Orbit Polisher. Pro- 
fessional quality polisher with 2 
wax applicators. 


Your choice . . . 49.97 


Fuel injection cars should never 
be primed on cold mornings by 
pumping the accelerator before 
starting. This can cause flooding. 
Just start as if it were already 
warmed up. 


[E] Heavy-Duty Trailer Kit. Handy 
trailer complete with coupler, wiring 
and tires. 1060-Ib. capacity. Easy 

assembly 169.00 
Fender Kit 8.47 


H!7’x 9’ Tarp. Rip-stop poly- 
ethylene, Waterproof with rust- 
resistant grommets. For cars, 
boats and trailers 4.98 
9'x 11" Tarp 7.48 


[T] Hardshell Carrier. 15-cubic-foot 
high-impact carrier with weather 
gaskets. For cars with or without 
gutters. No-mar rubber pads 


18-Cubic-Foot Carrier 89.97 


J | Chrome Hitches. 1000- or 
2000-Ib. gross weight capacity. Easy 
installation. Available in popular sizes 
for many cars L1 
Ball not included. 


[K] Universal Car Mirror. Sculp- 
tured, classic styling 5.97 


[L] Chrome Breakaway Truck and 
Van Mirror. Built-in breakaway pivot 
for mirror protection. . .. 13.97 


The quality you need, 
the price you want. 


With prices like 
these, you can 
really clean up. 


[A] Westley's 23-0z. Clear Magic 
all-purpose cleaner or 64-02. Bleche 
Wite. Your choice 2.97 


[B] Turtle Wax Wheel Brite Wheel 
Cleaners. All-purpose wheel cleaner 
or Wire wheel cleaner. 

Your choice 2.97 


[C] STP Son-Of-A-Gun Protectant 
Protects and beautifies vinyl, leather, 
rubber and plastic a 
“Price after $1,50 instant rebate. Details 


14-02. Paste Wax and 
16-02. Liquid Wax. Non-abrasive 
Protects and shines without 
scratching. Your choice... 2.97 


[E] 16-02. Wash. Washes away dirt 
without stripping wax. Leaves a 
just-waxed shine every time 


[E] WD40 Multipurpose Lubricant. 
Stops squeaks, protects metal 
and loosens rusty parts. 12-07. 
economy size x 


On sale March 24- April 13, 
1991, atall U.S.A. Kmart stores. 


Science Newsfront 


6400 computer built by nCUBE Corp. 
of Belmont, Calif., depicts a beam of 
electrons moving through a plasma. 
The apparent wavelike motion of some 
of the electrons may represent a previ- 
ously unknown instability. Further 
studies will resolve whether this is a 
physical process or a byproduct of the 
simulation itself. 

While programs rewritten for paral- 
lel machines run up to 100 times 
faster than their serially executed 
counterparts, converting the code can 
be difficult. For decades, problems 
could only be solved using serial com- 
puters, so mathematicians tended to 
develop serial solutions. In many cas- 
es, entire problems have to be recast 
with a parallel solution in mind before 
they will run on the latest generation 
of computers.—Vernon M. Church 


ĦA 30-foot-diameter asteroid recently 
missed Earth by 106,000 miles—less 
than half the distance to the moon. Ac- 
cording to Brian G. Marsden of the In- 
ternational Astronomical Union, the 
asteroid came closer to Earth than any 
previously known. Had it hit, it could 
have destroyed a city. 

*Citing delays and cost overruns, 
U.S. Defense Secretary Dick Cheney 
canceled the Navy's $57 billion contract 
for the A-12 Avenger attack bomber. 

*Researchers at the University of 
California at San Francisco estimate 
that passive smoking kills about 
53,000 nonsmokers annually. Non- 
smoking spouses of smokers are 30 
percent more likely to die of heart dis- 
ease than other nonsmokers, say the 
researchers. The Centers for Disease 
Control recently reported that more 
than 400,000 Americans died from 
smoking in 1988—more than twice as 
many as in 1965. 

©The U.N. Food and Agriculture Or- 
ganization estimates that the world's 
tropical rain forests are disappearing 
twice as fast as they were 10 years 
ago. According to the agency, the an- 
nual rate of deforestation is now 
about 1.2 percent—a loss of 66,000 
square miles. 

eTo isolate radioactive wastes, re- 
searchers have tried melting contami- 
nated soil into a glassy mass [“SNF,” 
Nov. '90]. But engineers at Concept 
RKK, a company in Bellevue, Wash., 
favor a colder approach. They propose 
installing two rows of underground 
cooling pipes around leaking tanks at 
the Hanford Nuclear Reservation. 
Freezing the ground between the pipes 
could prevent wastes from migrating 
toward ground water, they say. 


In this 


er simulation, the oscillatory motion of electrons (green) passing th 
plasma (red) suggests that a previously unknown process may be destabiizing the pba atl 


Caution: 
Training At 
This Altitude 
Can Take Your 
Breath Away. 


The sights from the side of 
a mountain can leave you 
breathless. And taking the 
train is only one of the unique 
ways to enjoy Colorado’s 
natural wonders this summer. 
Write Colorado Vacation Kit, 
Box 38700, Dept.238, Denver, 
CO 80238 or call and ask for 
extension 238, 


Name 
Address 
Tiy State 


Zip Telephone TW 
Allow 3-4 weeks delivery or send $3.50 for First Class. 


COLORADO 


1-800-433-2656 
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Automotive Newsfront 


Edited by DAN McCOSH 


Two-strokes gain speed 


The revival of the two-stroke engine as 
an automotive power source continues 
to gain momentum, as demonstrated 
by the unveiling of several engineering 
concept cars designed to take advan- 
tage of the compact size and basic sim- 
plicity of these power plants. 

At this year's Detroit Auto Show, the 
Dodge Neon, with its snub nose and 
center-opening pillarless doors, and 
Ford's Zig and Zag mini-cars [“ANF,” 
July ’90] revealed how neatly a two- 
stroke engine can be tucked into a 
small car to maximize passenger room. 
The Zig and Zag both use a 1.2-liter 
85-horsepower two-stroke engine de- 
veloped by Australia’s Orbital Engine 
Co., while Chrysler exhibited a power 
plant developed by its own advanced- 
engineering staff. 

Two-stroke engines prodyce more 


power per cubic inch than four-stroke 
engines by igniting fuel every time a 
piston reaches the top of its cylinder 
—twice as many times per engine rev- 
olution as a four-stroke [*Car Makers 
Race to Produce Two-Strokes,” July 
'90]. The small size of the two- 
stroke—approximately half that of an 
equally powerful four-stroke—fasci- 
nates car stylists who are anxious to 
lower hood lines and increase front- 
seat legroom. 

Last year, General Motors unveiled 
a two-stroke-powered mini-roadster, 
while Chrysler provided a peek at its 
engine under the glass hood of an oth- 
erwise standard production model boo- 
by-trapped with strobe lights to pre- 
vent picture taking. Now Chrysler lets 
some of the wraps slip from its design 
work, showing a 1.2-liter piston-port 
three-cylinder engine that produces 
about 100 hp. The basic cylinder block 
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is a single-piece casting with an inte- 
gral cylinder head, with intake and ex- 
haust gas flow routed through ports in 
the cylinder walls, eliminating conven- 
tional poppet valves. Fuel is injected 
directly into the cylinder. 

In Chrysler's latest design, an exter- 
nal engine-driven Roots-type blower 
delivers air to the intake ports, a sys- 
tem that allows the use of a conven- 
tional wet-sump lubrication system 
with standard shell-type bearings on 
the crarikshaft. This setup maximizes 
reliability particularly as compared 
with the roller bearings and reed 
valves used in the Orbital design, ac- 
cording to Chrysler's vice president of 
engineering, Francois J. Castaing. Cen- 
trifugal compressors have also been 
tried in Chrysler's research project. 

Orbital, which has licensed 11 com- 
panies and has begun converting a for- 
mer GM plant to a manufacturing site 
for its own 1.2-liter three-cylinder two- 
stroke design, disagrees with the 
Chrysler external-breathing approach 
and continues to concentrate on a de- 
sign that pumps air through the crank- 
case. Orbital notes that a conventional 
lubricant sump is bulky and an exter- 
nal scavenge pump is expensive. Its 
engineers don't foresee problems with 
either the roller bearings or reed valves, 
both common in two-stroke motorcycle 
and outboard-motor applications. 

Orbital's ties with both Ford and 
Honda give it an edge in the race to de- 
velop a workable two-stroke, and com- 
pany officials are still predicting that a 
production automotive engine will be 
available within two to three years. 


The three-cylinder two-stroke power plant (left) 
installed in Dodge's Neon concept car (below) 
features a single-piece block /head casting and 
piston-port design. An external scavenge pump 
blows air directly into the cylinder ports. 


While our competitors have been busy imitating our Voyager minivan, RS k 

they havent been able to imitate its success: over 1,000,000 Voyagers 524 Advantage: Piymouth 
have been sold, and they have a higher resale value than any other minivan. For 1991, Voyager offers safety 
features like available all-wheel drive, 4-wheel anti-lock brakes, and standard rear seat shoulder belts? In addition, 
theres a completely redesigned interior, including a new instrument panel and glove box. Plus contemporary 
aerodynamic styling outside. Plus 7 years or 70,000 miles of powertrain protection. So for purchasing or leasing 
information, make it a point to call 1-800-PLyMouTH right now. And accept no substitutes. 


NEW DESIGN. NEW 
SAFETY FEATURES. 
BETTER THAN EVER. 


The New 1991 Plymouth Voyager 


Lap belt on center rear seat. +Protects engine, powertrain and against 
outerbody rust-through. See limited warranty at dealer. Restrictions apply. 
Buckle up for safety! © Plymouth/Chrysler Motors, 1990 


Automotive Newsfront 


Orbital also remains confident that 
it can meet current and future emis- 
sion standards, but Chrysler is more 
cautious. “Durability is the question,” 
notes Castaing. “It’s one thing to meet 
the standards, another to meet them 
for 100,000 miles.” 

The two-stroke engines used in 
some post-World War II cars were no- 
torious for spewing smoke and un- 
burned fuel into the air. But electronic 
controls, particularly for the direct 
fuel-injection system, make a two- 
stroke engine potentially cleaner than 
a four-stroke when measured for some 
pollutants, say its advocates. 


High concepts 


The futuristic concept cars that are 
drawing crowds at this season’s auto 
shows seem closer to being showroom- 
ready than the usual fare at such events. 

The Dodge Neon that houses Chry- 
sler’s innovative two-stroke engine, for 
example, is a strong hint of the new 
Chrysler subcompact due out in 1993. 
The strongly arched, high-hat shape of 
the body will be retained, but the pro- 
duction cars will use conventional 
hinged doors, Chrysler insiders say. 

Inside, the Neon is a bare-bones ve- 
hicle, with open-frame steel-tube seats 
that can be removed to use as lounge 
chairs—another feature unlikely to be 
seen in production. Likewise, the two- 
stroke engine used in the concept car 
is unlikely to be ready as quickly as 
the rest of the car, but a conventional 
drive train still fits in the short nose. 

Chrysler’s other concept cars—a 
four-seat Grand Touring version of the 
upcoming V10 Viper sports car, 
dubbed the Chrysler 300, and a 
streamlined full-size four-wheel-drive 
utility vehicle called the Jeep W: 
oneer 2000—may also define the basic 
elements of Chrysler platforms that 
will appear in the next three years. 

Another concept car that sets the 
stage for a future production model is 
Pontiac’s ProtoSport4, based on the 
GM F-body chassis used for the current 
Chevrolet Camaro/Pontiac Firebird se- 
ries. Like the Camaro/Firebird, the 
ProtoSport4 uses a conventional rear- 
drive layout, despite the aggressively 
shortened nose and so-called cab-for- 
ward stance that’s enhanced by the 
steeply slanted windshield. 

But the strongest indication that 
GM is serious about the ProtoSport4 as 
a replacement for the current genera- 
tion F-bodies is the installation of the 
new North Star V8, a four-liter dual- 
overhead-cam engine that develops 
250 hp. The North Star project is GM's 
new premium engine and is expected 


to arrive first in the 1992 
Cadillac Allanté. 

As striking as they may 
appear, the scissoring 
doors of the ProtoSport4, 
which open by pivoting up- 
ward, are unlikely to ap- 
pear in production soon. 
But the rest of the car's de- 
sign offers a fascinating 
look at how some avant 
garde technology is finally 
becoming humanized. 

The television camera 
that displays a wide-angle 
rear view uses a tiny liq- 
uid-crystal screen hung in 
the same position as a con- 
ventional interior rear- 
view mirror, resulting in a 
natural feel for the driver. 
Likewise, the virtual-im- 
age analog instruments, 
which use an optical sys- 
tem that focuses about five 
feet from the driver's eye, 
are easy to read because 
the need to refocus con- 
stantly is reduced. 

Large, easy-to-handle 
control knobs are used lib- 
erally in the interior, 
which is set off by heavily 
contoured molded plastic 
seating. Rear passengers 
get air bags that deploy 
from the ceiling, and the 
driver's-side restraint is 
housed in a tiny container 
that is less than half the 
size of currently available 
systems—another hint at 
the direction of future air- 
bag technology. 

But just to prove that 
U.S. auto makers are still 
coming up with outra- 
geous ideas, Ford's Desk 
Drive stretches the imagi- 
nation by equipping a four- 
wheel-drive Explorer with 
all the features of a mobile 
office; this means a com- 
puter, a cellular telephone, 
and a facsimile machine, 
all communicating with a 
home base via a satellite 
antenna on the roof. An instrument- 
panel navigation system displays 
metro streets, a voice-actuated memo 
pad takes notes, a computer drafting 
system accepts input through a light- 
pencil, and an active noise-cancella- 
tion system helps the executive on the 
go concentrate by lowering ambient 
sound levels. 

All this takes a lot of power, so the 
Desk Drive also carries an indepen- 


Three bright ideas: Pontiac’s ProtoSport4 (top) 
demonstrates scissor-action doors and a possible 
replacement for the Chevrolet Camaro/Pontiac 
Firebird twins; Ford’s Desk Drive (center), based 
on the Explorer sport utility vehicle, is a go-any- 
where office on wheels; Jeep’s Wagoneer 2000 
(above) features interchangeable seats and 
19-inch wheels. 
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When you consider all the advantages of the 1991 Plymouth F7* i 

Acclaim, we don't think you'll give the Honda Accord a second look. S= Plymouth Acciaim 
For one thing, Acclaim has available seating for 6. Accord only seats 5. Acclaim offers greater power 
than the Accord, with available V-6. And our powertrain warranty is longer, too—7 years or 70,000 
miles* Safety? We feature standard driver's-side air bags and available 4-wheel ABS braking; Accord 
doesn't. The Acclaim also costs over $1,500 less than Accord? Call 1-800-PLyMouTu for purchasing or 
leasing information. Test drive the Acclaim and you won't have second thoughts about owning one. 


WERE NOT SAVING THE 
ACCORD IS SECOND RATE. 
MERELY SECOND BEST. 


Plymouth Acclaim 


*Protects engine, powertrain and covers outerbody rust-through. See limited warranty at dealer. Restrictions apply. +Base sticker price comparison. Std. equip. levels vary. 
Buckle up for safety! © Plymouth/Chrysler Motors, 1990 


NOTHING CAN HELP 
YOU TAKE CONTROL 


INTRODUCING THE 
WIZARD" 8000. 


The OZ-8000 is a powerful yet 


OFALLTHE DETAILS AASE Edu had cn d 
OF YOUR BUSY LIFE £ B i inaticticht orcad tur 
LIKE THE WIZARD: |i Text Outlier and Business Card 
AND ZQ SERIES "ELI a Ghoractor 8 ine doplay make t 
ELECTRONIC ORGANIZERS or ete feet oben 


back up your data in seconds on 
an optional memory card. 


FROM SHARP y 


LU 


THE POWER TO ORGANIZE 
YOUR BUSINESS AND PERSONAL LIFE. 


7Q-2000 
2 Character x4 


MORE SOFTWARE. 
MORE FUNCTIONS. 


All Wizard and ZQ series 
elec tronic organizers come witha 


complete array of built-in functions. 


With the OZ-7000 and 8000 series, 
you can also expand both 
applications and memory with 
Sharp's extensive library of option- 
al software cards. Create a 
spreadsheet. Calcu- 
late loan payments. & 
Track your expenses. Àg 
Even senda fax directly 
from your Wizard. 


And through Sharp’s patented 
touch-screen technology, each 
card has its own custom keyboard 
for easy operation. 
E This symbol indicates soft- 
ware expandability. 


THE PC CONNECTION. 


The Wizard can be a portable 
extension of your home or office 

z computer. With optional 

E312» PC-link software and 

J cable, you can swap files 
with any IBM* compatible 

or Macintosh" computer. 


20-2200 
12 Character x4 
line display. 


And an optional modem sends 
and receives data right over the 
phone lines. 
This symbol indicates PC-link 
capability. 
For a free brochure on Sharp's Wizard 
or ZQ series electronic organizers, 
or for the store nearest you, 
call 1-800-321-8877. In Canada call 
1-416-890-2100. 


FROM SHARP MINDS 
COME SHARP PRODUCTS" 


Automotive Newsfront Ne sec 


dent generator. With this much 
wattage available, it made sense for 
Ford to stuff in a refrigerator, a mi- 
crowave oven, and a coffeepot, didn't it? 


Compounding turbos 


The use of an exhaust-driven turbo- 
charger to boost the horsepower of a 
piston engine first gained wide accep- 
tance in heavy-duty diesels before 
spreading to high-output racing appli- 
cations and then passenger-car en- 
gines. Now another emerging trend in 
truck-engine design may trickle down 
to similar widespread use. 

Saab's truck division, Scania, has 
come up with a twist called turbocom- 
pounding, and car engineers are giv- 
ing it a close look. Even after most of 
the heat energy in a turbocharged en- 
gine's exhaust gas is expended to spin 
the turbo and compress the intake air, 
there's some power left over. In the 
Scania design, this secondary heat is 
piped to a second turbine coupled to 
the crankshaft through a series of 
step-down gears. Scania claims that 
the system produces a 20-hp bonus for 
i ter heavy-duty diesel engine, 


TURBO EXHAUST OUTLET. 


COMPRESSED AIR. 
TO INLET MANIFOLD 


FIRST REDUCTION GEARING 


REDUCTION GEARING TO CRANKSHAFT 


Turbocompounding of this Scania diesel engine delivers the maximum in energy efficiency by routing 
exhaust gas through a conventional turbo and then a second mechanically linked turbine. 


ASSISTANCE MAIN SECTION 
, To help meet the growing p 
ice and lets standing water = E 
Tiltsr down late’ the. greta demand, Beaver is seeking ay 
The solid drain cover will applications for contractor 
installers in your area. OUTSIDE CORNER INSIDE Cor 


KIT PRICE $29.95ea. Pius $5.00 P&H 


KIT CONTAINS 

1 BUBBLER POT & DRAIN COVER 

1 ELBOW 95" 

2. 4 FOOT PVC DOWNSPOUT PIPES: 
All Canada Orders Plus Freight. 


1 24 INCH PVC PIPE 
1 FILTER ADAPTER 
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BEAVER 


Dries Up Wet Basements ! 


When the soil around your foundation 
becomes water-saturated, Hydrostatic 
pressure forces water up through the joint 
| where your floor and wall meet. The Beaver 
basement water control system can cure 
that problem. It is designed as a hollow 
PVC) baseboard, having holes in the back, 
to collect the seeping water and quietly E 
drain it to your floor drain or sump pump. 


| About the only skill needed for installation 
is the ability to follow directions. Just seal 
the precut corners and easy to handle five 
foot main sections to the floor using the 
BeaverSeal Adhesive. With the Beaver 
system in place, walls can easily be G 
[paneled or finished. 

MORE THAN 30,000 HOME OWNERS 
HAVE DRIED UP THEIR BASEMENTS 
WITH THE BEAVER SYSTEM; YOURS 
|CAN BE NEXT. JUST CALL OUR TOLL 
FREE NUMBER FOR ORDERING 


(Call for dealership inquiry ) 
5 Foot Main Sections S'Lx4'H 


BUTE-JOINT 


$8.48 ea 


END CAP 


TO ORDER CALL TODAY 


Inside Corner. T'Lx 4'H $1040 Ole - $150.00 
1-800-828-2947 ‘Outside Comer Ldn $1040 ea Add $5.00 PAH 
BEAVER INDUSTRIES peras $e | sis0.01 - $300.00 


890 Hersey Street Dept. PS ned 


Saint Paul Minnesota 55114 


BeaverSeal Adhesive, 2QT Pak $32.50 ea 


$300.01 - $500.00 


Add $15.00 P&H 


5 sure steps 


to a fast start 


as d high-paid 
computer service technician 


4. Choose traini 
that’s right for today's 


good 


Jobs for computer service technicians 
will almost double in the next 10 years, 
according to the latest Department of 
Labor projections. For you, that means 
unlimited opportunities for advance- 
ment, a new career, or even a com- 
puter service business of your own. — 1991 

But to succeed in computer service today, you need training— 
complete, practical training that gives you the confidence to service any 
brand of computer. You need NRI training. 

Only NRI—the leader in career-building, at-home electronics training 
for more than 75 years—gives you practical knowledge, hands-on skill, 
and real-world experience with a powerful AT-compatible computer you 
keep. Only NRI starts you with the basics, then builds your knowledge 
step by step until you have everything you need for a fast start as a 

> high-paid computer service technician. 


baume 
ERVICE 


| age 


2. Go beyond 
“book learning” 
to get true hands- 
on experience 


NRI knows you learn better by 
doing. So NRI training works 
overtime to give you that 
invaluable practical experience. 
You first read about the subject, 
studying diagrams, schematics, and photos that make the subiect even 
clearer. Then you do. You build, examine, remove, test, repair, replace. 
You discover for yourself the feel of the real thing, the confidence gained 
only with experience. 


3. Get inside | 


a powerful com- | 
puter system 

If you really want to get ahead | 
in computer service, you have 

to get inside a state-of-the-art 
computer system. That's 
why NRI includes the 
powerful new West Coast 
1010 ES computer as the 
centerpiece of your 
hands-on training. 

As you build this 
fully IBM AT-com- 
patible micro from 
the keyboard up, 
you actually see 
for yourself how each section of your computer works. You assemble 
and test your computer's "intelligent" keyboard, install the power 
supply and high-density floppy disk drive, then interface the high- 
resolution monitor. But that's not all. 

You go on to install a powerful 20 megabyte hard disk drive— 
today's most-wanted computer peripheral—included in your course to 
dramatically increase the data storage capacity of your computer 
while giving you lightning-quick data access. 


— 
En 
LE 


aera ror r eee 


Plus, now you train with and keep the latest in 
diagnostic hardware and software: the R.A.C.E.R. 
plug-in diagnostic card and QuickTech diagnostic 
software, both from Ultra-X. Using these state-of- 
the-art diagnostic tools, you learn to quickly 
identify and service virtually any computer 
problem on IBM-compatible machines. 


4. Make sure you've always got 
someone to furn to for help 


Throughout your NRI 
training, you've got the 
full support of your 
personal NRI instructor 
and the entire NRI 
technical staff. Always 
ready to answer your 
questions and help you if 
you should hit a snag, 
your instructors will 
make you feel as if 
you're in a classroom of 
one, giving you as much time and personal attention as you need. 


5. Step into a bright new future in 
computer service—start by sending for 
your FREE catalog today! 


Discover for yourself how easy NRI makes it to suc- 
ceed in computer service. Send today for NRI's big, 4 


100-page, full-color catalog describing every 

aspect of NRI's one-of-a-kind computer training, 
as well as tr: in robotics, TV/video/audio 
servicing, electronic music technology, security 


electronics, and other growing high-tech 
career fields. 

If the coupon is missing, write to: NRI 
School of Electronics, McGraw-Hill Continuing i 
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008. 
RACER. and QuickTech are registered trademarks of Ultra-X, INC. 


p LAS 

McGraw-Hill Continuing Education Center 
| 4401 Connecticut Avenue, NW, Washington, DC 20008 
l "CHECK ONE CATALOG ONLY 

O Microcomputer Servicing [C Computer Programming 

O TV/Video/Audio Servicing O PC Systems Analysis 

O Telecommunications O PC Software Engineering Using C 
l O Industrial Electronics/Robotics O Desktop Publishing & Design 
| O Basic Electronics O Bookkeeping & Accounting 


l Name 


| Address 
| city 


State 
Accredited Member, National Home Study Council 


sarae 


Zip 


(os 


Tnc. Magazine 


Advent 

Now hes atit again | 
bridge SoundWorks, selling di- 
sect to the public." 


At Cambridge SoundWorks we manufacture 
rs and music systems designed by Het 
loss foer of AR, KLH & Advent), and we sell 
them from our factory in Newton, Mass. We also 
sell selected audio components from brands like 
Philips, Pioneer and Denon. Because we sell fac- 
tory-direct, you can save hundreds of dollars on 
components and systems, We sell nothing but “the 
pisi Our knowledgeable audio experts will 
elp you make the right choices, without being 
pushy. And you can call toll-free for advice or 
“hook-up help" 365 days a year - even holidays. 
This is the simplest way to get the right deal on 
Stereo components...and there's virtually no risk. 
* Call toll-free for factory-direct savings. 
* Audio will answer all your 
prede bales and after you buy. 
* 30-day money-back satisfaction guarantee. 


wee mimes 
1-800-AKA-HIFI 


24 hours a day, 365 days a year (800-252-4434) 


SOUNDWORKS 


154 California St., Suite 156A, Newton MA 02158 
* In Canada call 1-800-525-4434. Fax: 617-332-9229 
Outside U.S. or Canada 617-332-5936 
©1991 Cambridge SoundWorks @Ensemble is a registered trademark of 
Cambridge SoundWorks. AR & Advent are trademarks of International Jensen, Inc. 
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When Acura's Legend was redesigned and 
moved up the price ladder, it left behind a 
budget gap of at least $10,000 between the 
Legend and the Integra. To fill that chasm, 
Honda's luxury division brings us the Vigor, 
a new sedan set apart by its fore-and-aft 
placement of a 2.5-liter five-cylinder engine 
and a distinctive long- 
hood/short-deck architec- 
ture. The Vigor also marks 
the first application of a 
Six-mode Digital Signal Processing sound 
system, developed in conjunction with 
Panasonic. 


“Automotive Newsfront 


 ACURA'S VIGOROUS IN-BETWEENER 


j e — 


The all-aluminum 176-horsepower in-line 
engine is integral to the overall balance goal 
that Honda's engineers set out to achieve, 
primarily a 60: 40 front-to-rear weight distri- 
bution for the front-drive car. The single-cam 
20-valve power plant revs smoothly to its 
6,800-rpm redline, with just a pleasant whir 
entering the passenger cabin. 

On the road you'll never 
mistake the Vigor for the pure- 
sports NSX, but it does offer 
excellent handling, considering the jolt-free 
ride quality. Prices will fall in the $23,000 to 
$26,000 range.—Norman S. Mayersohn 


A fluid coupling after the first reduc- 
tion stage makes allowances for a con- 
siderable difference in shaft speeds be- 


| cause the turbine runs at 55,000 rpm, 


while the crankshaft delivers peak 
power at a lazy 1,900 rpm. The me- 
chanical complexity pays off in a five 
percent torque boost—to 1,290 pound- 
feet—and enables heavily loaded 
trucks to hold their speed on long up- 


hill grades. Of even greater interest is | 


the resulting 46 percent efficiency lev- 
el for the diesel engine. Compare that 
with the meager 35 percent efficiency 
of a typical gasoline engine. It’s a sig- 
nificant gain in a fuel-conscious world. 


| —David Scott 


Buying back pollution 


According to some experts, the tailpipe 
emissions of today’s cars are so low 
that the best way to cut exhaust pollu- 
tion in urban areas may be simply to 
take the old cars off the road, rather 
than attempt to further purify the out- 
put of new models. 

A pilot program designed to do just 
that, sponsored by Unocal Corp. of Los 
Angeles, demonstrates that this 
scheme might be even more effective 
than originally projected. In the South 
Coast Recycled Auto Project (SCRAP), 
Unocal offered a bounty of $700 each 
to buy and then crush up to 7,000 pre- 
1971 cars. While most were subjected 


to an idle emissions check, 74 of the 
cars were singled out for more rigor- 
ous evaluation under the Federal Test 
Procedure. 

The pollutant-levels testing done on 
the old cars revealed the emissions 
were worse than previously thought, 
with each vehicle emitting about 
1,200 pounds of pollutants annually in 
5,500 miles of driving. By comparison, 
1990 model cars would emit only 
about 84 pounds of pollutants apiece 
in 15,000 miles of driving each year. 

While the main goal of the experi- 
ment was to get the most-polluting 
cars off the road, it also gave credibili- 
ty to the argument that the tight new 
standards for new cars are being offset 
in the real world by old pre-emissions- 
control cars. Car buffs, cringing at the 
thought of their collectibles lost forev- 
er to the crusher, will be comforted by 
the observations of one program man- 
ager, himself an enthusiast, who char- 
acterized the scrapped vehicles as 
mostly boring. 


Sneak peek 


It may seem as if the auto industry 
decided to skip over the 1991 model 
year, judging by the number of 1992 
vehicles displayed as early as six 
months before they go on sale. 

This spring’s auto shows featured 
three cars restyled for 1992, the Cadil- 


lac Seville, the Pontiac Bonneville, and 
the Oldsmobile 88, as well as a new 
Econoline van from Ford. The early 
preview showed a new General Motors 
lineup with an emphasis on more-con- 
toured styling—a reaction to frequent 
criticism of divisional sameness preva- 
lent in its previous generation. 
Another early preview was Subaru’s 
SVX Coupe, the sportiest car ever to 
come from Subaru’s stable. Unusual 
side windows are the most eye-catch- 


Toyota’s 1992 Paseo (left) is a smart budget coupe based on the Tercel. Subaru SVX tries window-within-a-window styling for the side glass. 


ing feature of the SVX, with two small 
opening panels in oversized glass pan- 
els. The design is supposed to reduce 
wind noise when the panels are open 
and lets the side glass curve dramati- 
cally into the roof. 

The new coupe is powered by a four- 
cam 3.3-liter all-aluminum flat-six en- 
gine that generates 230 hp and 220 Ib.- 
ft. of torque. The four-wheel-drive 
system splits torque front to rear with 
an electrohydraulically controlled 


clutch pack that varies the torque 
split, depending on road conditions. 
Expect a bottom line for the SVX in 
the $25,000 range. 

Toyota is showing off the 1992 Paseo 
Coupe, new in the low-price sport 
coupe class. It's based on the recently 
revised Tercel platform (93.7-inch 
wheelbase) and powered by a 100-hp 
1.5-liter twin-cam 16-valve engine, 
with two-plus-two seating. Prices will 
start at less than $10,000. 


nm 


There'S never a good day for your wo 


Rain destroys wood, 


Thompson's protects full-time against water, sun and mildew. 


and warping; mildewcides to prevent mold, 
mildew and rot; and sunscreens to help prevent 
fading and greying. So use Thompson's Wood 
Protector. Youll see how just one coat can give 
your home full-time protection for a longer life 
expectancy than you ever expected. 


Your house is constantly being attacked by sun, 
wind, rain, mold and rot. Thats why your wood 
needs the full-time protection of Thompsoris* 


Wood Protector. 


Thompson's unique formula contains powerful 
waterproofers to protect against splitting, cracking 


© 1990 Thompson & Formby, Inc. 
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Ranger Has The Best 
Gas Mileage Of Any Pickup 
In America? 


Today, gas station owners seem to 
be seeing Ranger owners less and 
less. What's the story? 


Ford engineers just wouldnt rest 


Ford Trucks. — 
The Best Never Rest. 


until they made the best-selling 


compact truck an even smarter buy. 


Their timing couldn't ; 


have been better. 

Ford made every gas dollar go 
farther in a Ranger with the fuel- 
skimping combination of a 2.3L multi- 
port EFI engine and 5-speed manual 
transmission. 

Think about it. The best gas 
mileage of any pickup. 

There's nothing strange about the 
fact that this is America's favorite 


compact truck. 


CD 
C 

THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS 
Buckle up—together we can save lives. ARE BUILT FORD TOUGH. 


Electronics Newsfront 


Edited by JOHN FREE 


Windows spread sheet 


Crunching rows and columns of num- 
bers with electronic spread sheets has 
become a powerful method to analyze 
data. And graphing calculation re- 
sults with a personal computer lets 
you quickly grasp relationships be- 
tween data—say, monthly sales fig- 
ures from a dozen cities. But writing 
the instructions to solve spread-sheet 
problems—especially when graphs 
are employed—is often complex and 
tedious with spread-sheet commands. 

To simplify this task, Microsoft 
Corp. has introduced Excel 3.0, its 
newest version of a spread sheet that 
is linked to the company’s separate 
Windows program. Windows features 
pull-down menus and icons for point- 
and-click mouse operations [“ENF,” 
Sept.’90]. 

Among 100-odd new features in Ex- 
cel 3.0 is a row of “buttons” on the 
screen called the Toolbar. Located un- 
der the pull-down menus, the Toolbar 
provides rapid access to frequently 
used commands. Using a mouse, you 
can click on a button to format cell 
contents in bold or italic type or re- 
align data in a column. The “autosum” 


Fi Formula Format Data 


Norm 


Blue Yond 
1931 Reven 


North Amenca 


Europe 


m 


Total He 


Ready 


button lets you total the numbers in a 
row or column by choosing the cell to 
contain the sum and clicking on the 
button. You don't have to write a for- 
mula first, select a sum function, or 
highlight the range of numbers. 

Excel 3.0 integrates outlining into a 
spread sheet, so you can view as much 
or as little detail as desired. You click 
on symbols at the side of the screen to 
expand or collapse the outline. Anoth- 
er built-in feature is Solver from 
Frontline Systems, a goal-seeking and 
optimization tool that can be used, for 
example, to maximize interest or min- 
imize costs. 

The spread sheet's graphics gallery 
includes three-dimensional charts that 
can be rotated and viewed from differ- 
ent perspectives. You can grab and 
move a data point on a chart, and the 
figure in the underlying work sheet 
will change accordingly. 

Excel 3.0 ($495) for IBM-compatible 
286-based computers using Windows 
has been available since January. You 
need a minimum of one megabyte of 
random-access memory, a high-densi- 
ty floppy disk drive, and three mega- 
bytes of hard-disk space. Microsoft 
promises versions for Macintoshes 


Macro Ni 


ow H 


Option 


Click Here for Expense Information | 


Exit 


and its OS/2 Presentation Manager 
before June. Owners of previous ver- 
sions can upgrade to 3.0 for $129. 
While 1-2-3, Lotus Development 
Corp.'s character-based (typed-in-com- 
mand) spread sheet, has the greatest 
number of installed spread-sheet us- 
ers, Lotus isn't expected to have a 
Windows version of its flagship prod- 
uct available until sometime this sum- 
mer.—Michael Antonoff 


Digital-audio VCRs 


With the home VCR market virtually 
saturated, video equipment makers 
are tempting customers with new fea- 
tures and higher-priced models. First 
came Super VHS with its enhanced 
picture. Now at least three Japanese 
equipment manufacturers have devel- 
oped S-VHS videocassette recorders 
with digital audio. 

Under this system, first announced 
by JVC, the video and audio signals 
are recorded on different layers of the 
tape’s magnetic medium. The video 
signal is placed on the upper layer, 
just as in typical video recording. A 
16-bit digital audio signal is recorded 
on a lower layer. 


Microsoft Excel 


E dit 


A string of icons below 
the menu at the top of an 
Excel 3.0 spread-sheet 
screen speeds the use of 
frequently used func- 
tions. One of the new 
graphics features lets 
you create picture 
charts—stacking or 
stretching airplane icons, 
for example—to replace 
bars in a bar graph. 
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The new deck uses standard S-VHS 
cassettes and is compatible with exist- 
ing equipment because it includes 
typical hi-fi record and playback capa- 
bilities. The prototypes do not incor- 
porate the serial-copy-management 
system [“Finally! DAT For Your 
Home,” Nov. '90]. Without this anti- 
copy circuit, a user could make unlim- 
ited digital copies of the sound. 

JVC announced the new technology 
in January 1990. Matsushita Electric 
Industrial Co., maker of the Panason- 
ic brand, and Hitachi Ltd. soon dupli- 
cated the technique. All three have 
prototypes, but so far have not an- 
nounced products.—Dennis Normile 


Infrared pork bellies 


Stock, bond, and commodities traders 
may soon bring more than their brief- 
cases to the trading floor. Spectrix 
Inc, a start-up company located in 
Evanston, Ill., has developed a pock- 
et-size computer terminal that can 
record, confirm, and store transac- 
tions electronically. Data are beamed 
to and from central computers by in- 
frared light. 

Traders enter data into the remote's 
keyboard, then push a “send” button. 
*The building itself—say, the New 
York Stock Exchange—will have to be 
equipped with an antenna [an infra- 
red transmitter/receiver] in the ceil- 
ing," says Michel E. Marhic, a profes- 
sor of electrical engineering and 
computer science at Northwestern 
University. 

Marhic, a consultant to Spectrix, 
says infrared signals in this applica- 
tion have many advantages. “A tre- 
mendous amount of data can be trans- 
mitted—millions of bits per second," 
he says. Also, the light beams aren't 
subject to interference as are radio 
signals. 

A prototype system is being tested 
at the Chicago Mercantile Exchange 
and the Chicago Board of Trade. Spec- 
trix also foresees other applications 
such as communication between nurs- 
es in hospitals.—Marcelle M. Soviero 


Dry navigation 


A navigation simulator developed in 
Britain teaches yachtsmen and power 
boaters everything from basic skip- 
pering skills to coping with tides, 
gales, or rock and shallow-water haz- 
ards. The $199 program, called Nav- 
master, now covers U.S. waters, in- 
cluding Nantucket Sound, the Miami 
coastal region, and the Bahamas. 
Each training exercise sets the start 
and finish points of a run. A graphics 


WIDE-SCREEN TVS ARE READY IN EUROPE 


Being produced in Villigen, 
cated (left), meaning parts 


Occasionally, flipping through television 
channels, you come across a movie that 
looks as if it's being projected through a 
mail slot. The images are wide screen, like 
a Cinerama film in a movie theater. On 
your nearly square 4:3-aspect-ratio TV, 
you'll also notice black bars above and be- 
low the picture. This so-called letterbox for- 
mat, more widely used in Europe than in 
the United States, sacrifices some vertical 
resolution, but lets you see all the ele- 
ments of each frame as planned by the 
movie director. For example, an actor at 
the edge of a frame isn't “chopped off" be- 
cause of the aspect-ratio limitations of your 
receiver (see diagrams). 

Why not build TVs in a wide-screen (16:9 
aspect ratio) format so Cinerama-type 
films will fill the screen without black letter- 
box bands? For Europeans, Thomson 
Consumer Electronics has just introduced 
such sets. Other brands will follow. Thom- 
son's new 16:9 receivers, priced at $6,000, 
include built-in satellite equipment and in- 
Stallation of a small dish antenna used for 
direct-broadcast satellites. 

Thomson's wide-screen sets can dis- 
play tapes and discs released in the let- 
terbox format or show wide-screen ex- 
tended-definition TV (EDTV) satellite 
broadcasts slated for Europe this year. 
EDTV offers higher resolution than stan- 
dard broadcasts, but only about half the 
added detail of high-definition TV (HDTV). 

In the United States, Indianapolis-based 
Thomson Consumer Electronics is a mem- 


Germany, Thomson Consumer Electronics’ wide-screen sets show let- 
terbox-format broadcasts (right) without the black bars. Movies broadcast on TV are 
a scene are chopped off. Planned taping (middle) pans back and forth. 
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ber of a consortium trying to initiate EDTV 
broadcasts, because the introduction of 
HDTV appears to be at least five years 
away here. EDTV could be piggybacked 
on standard broadcast signals for compati- 
bility with today’s sets [“Picture Perfect,” 
June '88]. "By providing two-thirds of the 
benefits of HDTV—16:9 aspect ratio and 
digital sound—for a tenth of the cost to 
broadcasters and cable operators, EDTV 
will help create an installed base of wide- 
Screen receivers that will be HDTV-com- 
patible in due course, thanks to a decoder," 
says Bernard Isautier, Thomson Consum- 
er Electronics' chairman. 

Meanwhile, another EDTV system com- 
patible with standard broadcasts is under- 
going tests in cities across the country. 
Called SuperNTSC, it was developed by 
Faroudja Research Enterprises in Sunny- 
vale, Calif. This technique encodes TV sig- 
nals differently to enhance color and re- 
duce the picture distortions that develop 
when color and brightness information in- 
terfere with each other. Line doubling with- 
in the receiver (also used in Thomson's 
sets) boosts apparent resolution, and mo- 
tion-compensation circuits minimize blur- 
ring. Faroudja says its technique adds 
about $300 to the cost of sets. 

Wide-screen sets are also being sold in 
Japan for HDTV satellite broadcasts. 
These models typically cost five times 
more than Thomsorn's receiver ['ENF," 
March]. Japanese HDTV is standardized in 
the 16:9 format.—J. F. 
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—— P! — ES chart on the screen indicates buoys 
etup DUiew Weather eceiver and beacons, lighthouses, and land 
y PENER with surrounding depth contours. 
Ti Weather, tides, and currents along the 
route are varied by the program. When 
you're sailing, one panel shows your 
boat profile and sail deployment. A 
second panel shows a view for the sail 
setting and wind direction relative to 
the heading, while a third view indi- 
cates the keel angle. 

Because Navmaster is interactive, if 
you blast off at full throttle in a force- 
eight gale, the boat simply doesn't re- 
spond. Cruising under either wind or 
engine power puts a full range of cock- 
pit instruments on your computer 
screen. Your path is displayed behind 
a moving boat symbol, and you can 
compare it with the plotted course as 
a performance check. For added real- 
ism you can simulate the view from 
the cockpit, observing navigation 
marks and the coastline, even taking 
| compass bearings to fix your position 
| as in real navigation. 

The program runs on any IBM-com- 
patible PC with 512 kilobytes of mem- 
ory. The U.S. distributor is Houston 
Marine Training Services, 1600 20th 
St., Kenner, La. 70062.—David Scott 


Navmaster, a navigation simulator for IBM PCs, displays waterways off Florida's coast. 
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SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal Mfr's. suggested retail price. 


Injury, Premature Birth, And Low Birth Weight. Kings Lights: 11 mg "tar; 0.7 mg nicotine—Kings: 14 mg 
"tar; 1.0 mg nicotine av. per cigarette by FTC method. 


The mount system on Canon’s L1 camcorder accommodates a 
variety of lenses. Contact points below the imaging chip (above) 
permit communication between the lens and camcorder body. A 


Multiple-lens camcorders 


Four Japanese electronics companies 
have jointly developed a system for 
mounting interchangeable lenses on 
camcorders. Canon’s L1 Hi-Band 
8mm camcorder is the first to incorpo- 
rate the new VL lens-mounting sys: 


tem. But lenses developed for the L1 
camcorder will also fit on the VL ma- 
chines sold by Canon's partners, Hi- 
tachi, Matsushita, and Sony. 
Removing a lens from the L1’s bayo- 
net-style mount reveals the camcord- 
er's 410,000-pixel half-inch CCD im- 
age sensor (see photo, above right). 
Two of the pins below the sensor 
send power to motors in the lens, and 
four are used for communication be- 


$350 adapter holds Canon’s 35mm camera lenses. 


tween microprocessors in the lens and 
the camcorder body. “In effect, we're 
using two computers that talk back 
and forth to each other,” says Michael 
Zorich, national technical coordinator 
for Canon’s video division. The $2,999 
camcorder comes with a 15x zoom 
lens; an 8x zoom lens is optional. An 
adapter allows the camcorder to work 
with Canon's EOS series of 35mm 
cameras.—Dawn Stover 
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not full price. 
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Beginning with the basics 


If you can't afford a traditional house, 
you might look into buying a small 
bare-bones model that you can im- 
prove later. 

That's a suggestion from McGill 
University's School of Architecture in 
Montreal and a San Francisco archi- 
tect. Both have independently devel- 
oped house designs that have an eye 
on the future. 

"The first five or ten years after a 


household forms, people's resources 
are small, but they are undergoing 
dramatic changes—they may get 
married, have children," explains Avi 
Friedman, codesigner and codirector, 
with Witold Ryocyznski, of McGill 
University’s Affordable Homes pro- 
gram. “So we designed the Grow 
Home. You can start with it for low 
cost, and then as circumstances 
change, you can add features." 

The basic 1,000-square-foot two-sto- 
ry floor plan includes a living room, an 
eat-in kitchen, one bathroom, and 
enough space for two or three bed- 
rooms on the unfinished second floor 
—a cost-saving device that lets the 
homeowner finish according to need 
and budget. 

No space is wasted inside the 14-by- 
36-foot house, according to Friedman, 
and room placement provides some 
savings. For example, “The kitchen is 
adjacent to the bathroom to make 
plumbing efficient," Friedman ex- 


plains. To make living in a Grow 
Home as economical as buying it, 
the house is well insulated. Optional 
exterior finishing details, such as a 
balcony, are also standardized. 

The price for building a Grow 
Home, excluding land, runs from 
$36,000 for what Friedman calls the 
“plain vanilla" model to about $53,000 
for a house with a completely finished 
second floor. Several builders are in- 
terested in constructing Grow Homes, 
says Friedman, and the city of Mon- 
treal is studying the possibility of 
building some 200 units. McGill 
School of Architecture, McGill Univer- 
sity, MacDonald-Harrington Bldg., 
815 Sherbrooke St. W., Montreal, 
Quebec, H3A 2K6. 

The second affordable-house. idea, 
the Starter Home by architect Donald 
MacDonald, really gets small: The 
one-story single-room house measures 
only 14 by 17 feet. A pitched roof and 
mirrors on the inside walls help make 
the Starter Home's 300 square feet 
seem more spacious, says MacDonald. 

The tiny house has a bathroom with 
a shower, but no sink (there's a sink in 
the kitchen), and a space-saving lad- 
der that leads to a storage loft. And it 
still has room for a fireplace. 

MacDonald, who has built several 
slightly larger units and a prototype 
Starter Home that recently was dis- 
played at the California College of Arts 
and Crafts in San Francisco, hopes to 
construct his little houses in nearby 
Oakland. 

While the estimated cost of a Starter 
Home is $15,000, MacDonald figures 
an additional $10,000 will be needed 
to purchase the necessary land in Oak- 
land. MacDonald Architects, 165 Page 


| St., San Francisco, Calif. 94102. 


Dust-mite dangers 


Chances are, your modern, well- 
insulated home is a haven for millions 
of unseen and troublesome critters 
called dust mites. Scientists have 
known for years that many people suf- 
fer allergic reactions to dust mites, but 
a new study suggests there may be a 
strong link between exposure to high: 


2A | concentrations of dust mites during 
A. 4 


| The Starter Home, for left, and the Grow 


Home, left, provide two solutions to the 
lem of affordable housing. M 


FISONS 


Invisible to the naked eye, dust mites such as 
this one are nevertheless a persistent and 
bothersome companion of mankind. 


childhood and the onset of asthma. 

“Dust mites are microscopic organ- 
isms that live in bedding, carpeting, 
and stuffed furniture,” explains Rose 
Cardinal, director of program services 
at the Asthma and Allergy Foundation 
of America in Washington, D.C. Rela- 
tives of spiders, the mites thrive in 
warm, humid environments and feast 
on the flakes of skin that humans con- 
stantly shed. 

“People aren’t allergic to dust mites 
themselves; they don’t bite,” says Car- 
dinal. “The problem is from inhaling 
the proteins from the fecal pellets of 
the mites and, after they die, their de- 
caying body parts.” Some 50 million 
people in the United States suffer al- 
lergies and asthma, but the number 
affected by mites is difficult to deter- 
mine. “There are probably a lot of peo- 
ple whose dust-mite allergies aren’t di- 
agnosed because their symptoms are 
as minor as a sniffle,” explains Cardinal. 

But as one study indicates, dust 
mites are nothing to sneeze at. Scien- 
tists from two British hospitals and 
the University of Virginia studied 67 
British children at age one and then at 
11. The researchers found that one- 
year-old children whose homes had 
high levels of dust-mite allergens were 
4.8 times more likely to develop asth- 
ma in early adolescence. This study, 
which appeared in The New England 
Journal of Medicine, added that mod- 
ern homes with wall-to-wall carpeting 
and better insulation are excellent en- 
vironments for dust mites—and may 
be contributing to a significant rise in 
asthma-related deaths. 

Although you can reduce the aller- 


the amazing new solution to 
rotary trimmer line problems 
* No more trouble with trimmer line 
— never buy line again! 
* Easy to install on your gas trimmer. 
* Cuts through tough weeds, 
briars and grass. 
* Keeps your rotary trimmer in 
business. 
* Guaranteed to save you time! 
TO ORDER CALL TODAY 


1-800-262-5122 


(Call for dealership inquiry) 


( )VISA ( ) WC #. 


(.—.) Check enclosed for $21.95 plus $3.00 postage and handling. 


gens, it may be impossible to eradicate 
dust mites in your home completely. 
Cardinal suggests first testing for mite 
concentrations. One test, Acarex by 
Fisons Pharmaceuticals in Rochester, 
N.Y., analyzes dust from your vacuum. 
If treatment is necessary, acaricides 
are available to kill mites, as is tannic- 


Your Trimmer Make Model # 


Name Phone. 


Street 


City State Zip 
Send to: WEED WIZARD, INC., P.O. Box 275, Dahlonega, Georgia 30533 
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ZERO-PRESSURE WATER TO TANK 


A piston-driven pump in a new 
hot-water tank uses the pressure 
from incoming cold water (bluve), 
to force heated water (red) to 
your tap. The cutaway above 
shows the pump's location in the 
hot-water tank. 


SERIOUS ABOUT THE 
WEATHER? NOW YOU CAN 
AFFORD A PERSONAL 
WEATHER STATION! 


The new WeatherPro weather station gives 

the local weather at your fingert 

and simple to operate, 
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acid spray to neutralize mite proteins. 

In addition, Cardinal recommends 
removing dust-collecting fabrics and 
encasing mattresses and pillows in 
plastic. “Your bed is probably the worst 
place to be,” she says, “because you lie 
on it every nigħt.” Allergy Control 
Products of Ridgefield, Conn., sells cot- 
ton-and-polyester-blend encasings 
that are laminated with urethane on 
the side facing the mattress. 

Other measures, such as special 
vacuum and air cleaners, may offer 
partial relief, but some experts are 
skeptical. And, of course, good house- 
cleaning habits and frequent washing 
of bedding in hot water will help. For 
questions about the mites and other 
allergens, you can call the Asthma 
and Allergy Foundation at 1-800-7- 
ASTHMA.—Judith Anne Yeaple 


Plastic-tank water heater 


Standard hot-water tanks are made of 
steel—and with good reason. They 
must withstand pressure from incom- 
ing cold water—up to 60 pounds per 
square inch from city lines—and from 
that water's expansion during heating. 

"Sometimes they still fail, usually 
while you're on vacation," says James 
F. Vaughn III, president of Vaughn 
Thermal Corp. of Salisbury, Mass. As 
a solution, Vaughn offers an “unpres- 
surized" tank. 

When you turn on a hot-water tap, 
cold water enters conventional tanks 
at the bottom. This forces heated wa- 


ter above to the house distribution. 

In the new water heaters, a “pres- 
sure-transfer module" uses incoming 
cold water to pump out hot water (see 
illustrations). "The cold water is the 
‘motor’ of the pump,” says Vaughn. “It 
moves a piston that drives out hot wa- 
ter.” Pressurized cold water enters a 
chamber of the module on one side and 
pushes out heated water in the adjoin- 
ing area; then the piston switches, re- 
peating the process on the other side. 
The cold water is then released at zero 
pressure to the tank, and heated by 
electric elements. 

Unpressurized tanks offer several 
advantages, says Vaughn. The tanks, 
which are insulated to R-25 with rigid 
foam, are made of engineered plastics 
and weigh less than 100 pounds— 
compared with approximately 300 
pounds for a same-size steel tank— 
easing installation. And while steel 
tanks must be round for strength, the 
new tanks measure 27 by 33 inches 
wide (so they can fit through doors). 
“They are shorter than steel tanks of 
the same capacity to fit more easily 
under things like stairways,” says 
Vaughn. 

These dimensions also permit the 
new tanks to hold up to 132 gallons of 
water, while steel tanks have a 120- 
gallon limit. As a result, the tanks can 
do most of the heating at night, a time 
when power is cheaper and more read- 
ily available, for use during the day—a 
potential advantage to utilities that 
are overburdened by peak demands; 
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500 tanks are being tested by home- 
owners in a program by American 
Electric Power, a holding company of 
seven utilities. 


Wood from straw 


A group of grass-seed farmers in the 
Willamette Valley of Oregon had a 
problem: Every year, some 750,000 
tons of straw were left over from the 
sale of the season's harvest. 

Faced with stricter air-quality reg- 
ulations that prevented burning the 
straw, the farmers created Meadow- 
board Industries to find alternatives. 
Recently, the group developed Meado- 
wood, a board of straw that is pressed 
together with resins under heat— 
similar to making strand board. 

"We're taking waste and making a 
useful substitute wood product,” says 
Bob Newton, project manager. And 
“Straw renews itself yearl 
wood takes many, many years, 
adds. Meadowood has been u: 


els, pallets, table tops, and even panels 
for the pulpit of a church in Oregon. 

Using different resins, Meadow- 
board recently began experiments to 
create a structural building material 
from strawboard. “You can drive a six- 
teen-penny nail within three-eighths 
inch of the corner, and the board won't 
split,” says Leonard Opal, the farmer 
who in 1977 initiated the research. 
“We can make one-sixteenth- to one- 
eighth-inch-thick bo: 4 

So far strawboard not as strong 
or as sti plywood or oriented 
strand board, professor Jim Wil- 
son of the Oregon State University de- 
partment of forest products. “The 
board we recently tested had strength 
properties somewhat better than par- 
ticleboard. However,” continues Wil- 
son, “changes can be made to strength- 
en it, like orienting the straw.” 

Meanwhile, Meadowboard counts 
flexibility a benefit of strawboard, 
says Opal. “Unlike plywood and parti- 
cleboard, it can be molded to zig- 
zag or make square corners,” he says. 
—Barbara Tunick 


Super-tough coating 


Super-thin coatings of exotic metals, 
which have vastly prolonged the life of 
commercial wood and metal cutting 
tools, have now reached the rest of us. 

The titanium nitride or zirconium 
nitride coatings are applied to drill bits 
and router cutters to reduce heat 
buildup and friction as well as protect 
against corrosion. The coated high- 
speed steel bits can last up to eight 


Long grasses are glued 
and pressed together 
under heat to make 
strawboard, a potential 
substitute for certain 
wood products, such as 
particleboard. 


THINK ALL SNIPS ARE 
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Notall snips are created equal. 
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PROSNIP Snips are tough 

PROSNIP Snips are hot drop forged for strength and durability. 
Precision ground blades provide a smoother, less fatiguing cut. 
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Home Newsfront 
times longer than untreated high- 
speed steel, say the manufacturers. 

In the application process, the bits 
are first cleaned ultrasonically. Dozens 
to hundreds of the bits—depending on 
their size—are put into a dishwasher- 
size vacuum chamber along with a 
slug of pure titanium or zirconium 
metal. The air is evacuated, and the 
chamber is charged with nitrogen gas 
and heated to 950 degrees F—slightly 
lower than the tempering point of the 
high-speed steel. When the metal slug 


JOHN B. CARNETT 


Super-thin exotic-metal coatings make cutting 
tools perform better and last up to eight times 
longer than uncoated high-speed steel. 


NEW! From the maker of Pas 1 


is positively charged with a high-pow- 
ered plasma arc, microscopic ionized 
particles of the slug flow to the nega- 
tively charged bits, coating them to 
"40000 inch thick. 

" " The coatings are hard—up to 85 
d Rockwell “c” (Re), compared with 64 Re 
for standard heat-treated high-speed 
steel. (A Rockwell hardness-testing 
machine determines a material's sur- 
face-area resistance to a diamond- 
tipped penetrant on a 0-to- 100-c scale. 
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car's suspension springs, some 45 to 50 
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intemal signal-recognition computer. major U.S. tool coating and coating- 


Result? Greater distance than any detector i t 
ever had before; Greater separation of false- Calltoll-free 1-800-543-1608 equipment maker.—Phil McCafferty 
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The Isuzu Trooper can hold five full-grown adults and 45.5 cubic feet 
of cargo space, the most in its class. 
Butit isn't uth igger It’s enormously better. With standard 
e 


features like four- rive. A powerful 2.6 liter fuel-injected engine or 
optional 2.8 liter V6. Four-wheel disc brakes. Auto-locking hubs. And triple 
skid plates. In fact, at over a thousand dollars less than Jeep* Cherokee, 
about the only thing on our Trooper that isn’t oversized is the price. 

The Isuzu Trooper. A vehicle that can hold its own. Not to mention 
everything you own. For a free brochure, call (800) 245-4549. 


THE ISUZU TROOPER. ‘13,699. 


“Behind the rear seat. 'MSRP excluding tax, license, and transp. fee. Optional equipment shown at additional cost. Prices ™ start at $13,699. 


There’s no comparison. 


Beauty-and value-are in the 
eye of the beholder when it 
comes to buying a home ready 
for remodeling. But with pro- 
fessional help, a good plan and 
the right materials, a whole- 
house rehab project can turn a 
family's ‘sweat equity’ into real 
gold for living and resale value. 


hey say that “the best time to 
buy is when everyone else 
wants to sell.” Another rule of 
thumb, particularly when buying real 
estate, is “pick the worst house in the 
best neighborhood.” 
We didn't have these old truisms 
in mind when we went shopping for a 
home in need of renovation, but they 
certainly applied to the faded, rather 
forlorn-looking house we found in a 
suburban neighborhood of High 
Point, North Carolina. We had been 
hunting for a special house-not too 
old, not too new, something worn but 
worth fixing, a “handyman special” 
with lots of potential lurking behind a 
low asking price. 


This house was as empty and bare 
as a clean slate when we found it. But 
it had plenty of space for a growing 
family, and it was sound enough to 
qualify as a starting point for a major 
rehab project. Those attributes aside, 
the house also had a somewhat 
dilapidated front porch, worn out 
windows and a history of badly 
executed previous renovations. 

No matter. We knew that the 
money we saved on the purchase of 
the house would be put to good use 
renovating it, and that when we 
finished we would have as much, or 
more, to show for our efforts as if we 
had bought a new-and far more 
expensive-home. 


Hard-Working Pickup Truck Is 
A Handy Household Partner 


On the day we drove up to our just- 
purchased prize possession-our 
"new" house-it was obvious to the 
whole family that this place would 
need lots of work and a big dose of 
tender loving care before it could 


1 
å 


LS 


Standing in what will soon be our all- 
new spacious kitchen and family room, 
Dad, Mom and the architect go over the 
plans and schedule before work begins. 


become the home of our dreams. But 
we arrived ready to get started, and 
other thoughts were soon forgotten 
as we unloaded tools, construction 
materials and cleanup equipment 
from the back of the pickup. 

Of all the tools needed on a 
project of this size-hand tools, table 
saws, portable power tools and the 


Y Contractor in durable Carhartt work 
clothes unloads a Marvin E-Z Tilt Pac 
window kit from our Isuzu. 
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Hire 
pros with 
reputations 
built on 
successful 
projects 


like-none is more essential than a 
hardworking pickup truck. And with a 
budget as tight as ours, it helps that 
our Isuzu is as economical to 
operate as it was to buy. Throughout 
the project, we found no end to the 
Isuzu's usefulness. With plenty of 
power and a roomy bed, it easily 
hauled everything from oversized 
building materials to demolition 
debris and trash 

Any homeowner planning a major 
remodeling or home building project 
should have an all-purpose vehicle 
like this in the budget. 


Be realistic 
about 
the time 
and effort 
you can 
icontribute 


A When Grand-Dad needed portable 


power, Arrow's Cordless Electric Staple 


Gun was the right tool for the job. 


Wearing Dad's comfortable Carhartt > 


work shirt, Avis uses Arrow's Cordless 
Stapler to turn a two-person job into an 
easy, one-hand operation. 


pees 
cWÁA€ 


bs Electric Staple Gun 


NE 


FROM ARROW 
-. THE POWER 
OF PLUG-IN 
WITHOUT THE 
TANGLE OF 
CORDS. 


SPECIAL FEATURES: 


This versatile, INSTANT FIRE, Cordless Electric Staple Gun 
speeds up and simplifies a wide variety of fastening 
applications on the job and in the shop. 


as well as 


hundreds of do-it-yourself projects in the home. Especially 
useful for working in areas where dragging an extension 
cord isn’t convenient or possible, such as on a roof, boat, 
in an attic or camper, or virtually any outdoor job. Every 
fastening task becomes as easy as squeezing a trigger. 
Only ARROW has it...21st century technology 
backed by ARROW rock-solid dependability. 


Wi ON/OFF SAFETY TRIGGER LOCK. 
LUSH FRONT, GETS INTO TIGHT CORNERS. 
I FAST, EASY-SQUEEZE TRIGGER OPERATION. 
M SOLID STATE ELECTRONICS FOR RAPID FIRE OPERATION. 
W RUGGED LIGHT WEIGHT, HHIMPACT, DURABLE HOUSING. 
B L.E.D. LIGHT INSTANTLY GOES ON WHEN GUN IS READY TO FIRE. 
ALL STEEL CHANNEL & TRACK FOR LONG LIFE & DEPENDABILITY. 
W CONTOURED DESIGN FOR PERFECT BALANCE & TIRELESS HANDLING. 


SOLD SEPARATELY. 


ARROW FASTENER CO. INC. 271 MAYHILL ST.. SADDLE BROOK, NJ. 0; 
IN CANADA: JARDEL DIST., INC., 6505 METROPOLITAN BLVD. EAST, MONTREAL HIP 
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Battery Powered Staple Gun Is 
Handy Right From The Start 


There was lots of work waiting for us 
the first day at the house, work that 
couldn't wait until the electricity was 
turned back on. Battery powered 
tools are a smart answer to this 
problem, so the whole family put 
Arrow's new Cordless Electric Staple 
Gun to good use as soon as we 
arrived. Inside, Avis used it to staple 
plastic sheeting across doorways to 
protect non-work areas from 
demolition dust. The cordless 
electric stapler allowed her to work 
alone at an easy pace, tacking the 
sheeting in place with just a touch of 
the trigger. The ETC-50 accepts a 
range of staples, so Avis loaded up 
with the smallest 1/4-in. size that 
would let her easily remove the 
sheeting after the work is completed; 
this also helps prevent damage to 
window and door trim that we 
planned to save and restore as part 
of our remodeling. 

A lightweight, cordless electric 
stapling gun is a great tool for 
working outside the house, as well. 
Grand-Dad had the honor of posting 
our building permit on an exterior 
wall, as local law and custom 
requires, and the ETC-50 was the 
right tool for the job because it had 
the power to bite through several 
coats of sunbaked paint into the 
wood below. When not in use, the 
tool's 7.2-volt battery can be stored 
in its quick-charge stand, to keep it 
ready for each new job through the 
entire project. 
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Choosing Projects That Pay 


The way to tac 
ject 
by dividing it into components 
or tasks. Then create a master 
schedule that indicates who 
will do the work or oversee 
each area of responsibility. 


cle any big pro- 


to ‘cut it down to size’ 


n a rehab project like ours, much 

of the work will be done by 

tradesmen, with the general 
contractor watching to see that 
everything is done on time and done 
right. But there are plenty of jobs that 
family members can handle, too, and 
our work will contribute directly to the 
overall budget. Dad will be "on the 
job" whenever he can to make 
decisions, pick up needed materials 
and generally help avoid slowdowns 
and keep the job moving. Mom and 
Avis can't wait to start refinishing, 
painting and decorating after the 
construction crews are out of the 
way. And Grand-Dad, who has been 
through this before, knows how 
important cleanup and maintenance 
are during and after each day's 
work, so he and young Ryan 
volunteered for trash, mop and 
broom duty. 


Family involvement pays off in other 
ways, too: Dad's hobby is wood- 
working, so he's looking forward to 
taking on some interior wood 
finishing projects. One of the first 


W Dad couldn't wait to stain-test the wood 
floors we'll restore. The Minwax® Stains 
highlight the natural grain and show how 
great they'll look when finished. 


things he brought to the house was a 
selection of Minwax® stains and 
finishes, so that he could do color 
tests on both the new and existing 
woodwork. Dad knows that with 
Minwax, once he finds just the right 
wood color and treatment he likes, 


linwax® N 


April is ] 


the results will be consistent from 
beginning to end. And he knows he 
won't have to run all over town for the 
materials he'll need, either, because 
our local hardware store stocks the 
complete Minwax line of wood-care 
products. 


tional Woodworkin; 


Month 


= LN 
Special Advertising Section 


The Three ‘Rs’: Don't Just 
| Repair and Replace...Renovate! 


Construction materials used ir 
renovation are often rough anc 
unfinished, and decorative aspect: 
are added at later stages to complete 
the project. Some products, however 
combine a finely finished appearance 
with structural performance. 

Old South Aluminum Column: 
from Moultrie are a perfect example 
Our architect could have specifiec 
replacement wood posts and railing: 
for the front porch, but they woult 
have required quite a bit of exper 
carpentry along with sanding 
sealing and painting. Instead, he 
recommended prefabricated, pre 
finished Old South railings anc 
matching columns to give the house 
a much-needed touch of classica 
style-as well as to give the nev 
homeowners a break from extra work 


| Making The House A Ho 


Local electric utilities often con 
duct “energy audits” for homeowner: 
to determine whether such upgrade: 
are needed. An energy audit als: 
may tell you how much the work wi 
cost and how long it will take to pa' 
off-and start paying you back. 

If the house is old enough, or if it 
heating plant is simply outdated 

inadequate, it may require a com 
pletely new heating system. For : 


Y The old wooden porch posts have to go, 
but the architect says the house will be 
better off with Old South replacement 
columns and railings from Moultrie. 


ome-improvements can be 
superficial or substantial. A 
new carpet or drapes may 
add low-cost impact to the look of a 


smart buyer who knows a replace 
ment system is needed-and deduct 
its cost from the purchase price-thi 
can be a real opportunity to upgradi 


room, but upgrading the house itself 
usually results in a greater improve- 
ment to your lifestyle and the resale 
value of the house itself. 

And, although you may spend 
more on major improvements, they 
can return not only their initial cost in 
energy savings but continue to pay 
for themselves in reduced heating, 
cooling and utility bills year after year. 


the entire home's energy efficiency. 


V. It's a dirty job sometimes, especially 
when you have to crawl around checking 
duct-work under the house, so our contrac- 
tor wears Carhartt clothes that can take it. 


Colonial 
Columns 


Keep 
i 3 Energy Upgrades Pay 

e In Durable Aluminum For Tenia In  — 
but don't And Cost-Effectiveness 
porem D, | Most older homes, for example, even 
pum AE those kept in good condition, fall far 

E d NE E | short of today's recommended 
beet antfacuting Company Vf energy use guidelines. The most 


substantial improvements you can 

make in this area are to install new or 
| additional insulation, replace worn- 
out single-pane windows, and 
modernize or replace the home's 
heating system. 


P.O. Box 1179, Dept. PS41 
Moultrie, GA 31776-1179 
Toll Free 1-800-841-8674 
In Canada 514-378-1687 
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YOU CAN SAVE A 
LOT OF ENERGY IF YOU 
KNOW WHAT TO 
LOOK FOR IN A HOUSE. 


TIMECOOK — MANUAL 
Tall DEFROST 


TEMP C 


POWER 
LEVEL 


COOK'N 


CLOCK 


You know just what you want in a house - how many bed- 
rooms, the type of yard, maybe even the color of the shutters. 
But have you given much thought to what the energy source 
should be? When you shop fora home, remember the advantages 
of high-efficiency electric applications. A high-efficiency 
electric home uses less energy for staying warm and keeping 
cool. Electricity also gives you plenty of design flexibility, so you 
can choose from a wide range of energy-efficient appliances. 


And if you're building your new home, remember that build- 

ing electrically costs less. Because you don't need extra piping 
for gas or oil. You should also know that advances in technol- 
ogy are making electric applications more efficient. This helps 
conserve our energy resources, which contributes to a cleaner 
environment, now and in the future. If you'd like to know more 
about energy saving programs in your area, contact your electric 


utility. We can promise you it won't be a waste of energy. 


"S ELECTRICITY 
Taking you into the future. 


Buck Smith hasn't changed his overalls 
since he was fifteen. 


Unjon Made 


Actor mm, | 


Buck says you don't change a classic just to change it. If you 
can't make it better, leave it alone. 

Buck feels the same way about changing his denim overalls 
They're made of 100% cotton with features like 12 oz. denim that's 
triple-stitched at the main seams and bar tacked at all the vital stress ptt 
points. That's Carhartt tough, the longer you wear them the better carna 
they feel. As far as Buck is concemed it’s the unchanging Carhartt ——— 
quality that counts. The same goes for our growing line of pants, shirts, -—— 
huning wear ond Rugged as the men who wear them: 

That's why Carhartt is Buck's brand. And he's not about to change. 
For your nearest Carhartt retailer, call 1-800-247-2322. 


A Marvin’ 's energy-efficient E-Z Tilt Pac 
kits go in fast, cost less than all-new 
windows. Carhartt work clothes are also 
great performers. 


Working 


Every detail of this project was 
carefully planned, including the 
clothes our family wore whenever we 
pitched in. Mom marched us all off to 
the store and bought us the same 


Special Advertising Section 


Carhartt work clothes that the 
carpenters and other tradesmen wear. 

There were so many styles and 
colors available, Mom let us pick what 
we liked. Some of the clothes, like the 
double-napped chamois shirts and 
blanket-lined jackets, are so warm 
and comfortable that we like to wear 
them every day. Mom says that's okay 
because Carhartts are so easy to 
care for, and she knows we'll still be 
wearing them long after the remodel- 
ing work is completed and we're 
living in our new home. 


Maintaining the proper balance and 
separation between indoor and 
outdoor temperature can be an 
impossible goal if a home's defenses 
aren't up to the task. 

Our architect and general 
contractor agreed that the drafty 
double hung windows throughout the 
house had no hope of containing air 
conditioning in the summer and heat 
in the winter. They told us that the 
replacement of all windows was an 
absolute necessity. But we worried 
that this would take too much out of 


our budget. The solution: the E-Z Tilt 
Pac from Marvin Windows. 

This system allowed us to replace 
the sash, yet keep the windows’ 
original frames and moldings 
intact-saving time, effort and money. 
Each Marvin Tilt Pac contained two 
energy efficient wood sash and the 
hardware needed to install them. 
Best of all, the Tilt Pacs were made 
to order for our project. With over 90 
standard sizes and an almost 
unlimited number of custom sizes to 
choose from, we could order Tilt 
Pacs ready to fit into each specific 
window opening. 


NEXT IS E: 


Now the real work-and fun-begins 
as we tear out the old and start 
building in the new. Some hard 

choices have to be made to make the 

project fit the budget, but finally we 
watch our dream home take shape. 


FAST, FAST PANE RELIEF. 


Whether you're remodeling or just looking 
to replace a drafty old double-hung, the only 
name you need to know is Marvin. Our win- 
dows are available in virtually any size, shape 
or style because all Marvin windows are made 
to your exact specifications. If you want to 
improve the look, efficiency and style of your 
home, our full-color replacement and remod- 
eling book has all the answers. For "your free 
copy return the coupon 
below or call toll-free 
1-800-346-5128 
(MN, 1-800-552-1167; 
In Canada, 
1-800-263-6161). 

Our Tilt-Pac is a perfect replacement for a worn-out double-hung sash. 


Send to: Marvin Windows, Warroad, MN 56763 


Name. 


Address. 


City. State. Zip. 


Phone(. 


| plan to: — Build — Remodel — Replace 


sursa ARE MADE TO ORDER. 
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WHERE TO BUY LISTING 


Look for the products featured in "Home Remodeling Ideas" at the stores listed below. 


MARVIN WINDOWS 
AND DOORS 


Arizona. 

Bisbee » Hodges Glass 

Flagstaff Bunker Glass 

Flagstaff « Lanny Construction 

Nogales « Foxworth Galbraith Lumber 

Payson « Foxworth Galbraith Lumber 

Prescott « Door & Window Store 

Springerville * Woodland Building 
Center 

Tempe * Marvin Windows of Arizona 

Tucson » Seal Building 

Yuma * Foxworth Galbraith Lumber 


California 

Berkeley * Truitt & White Lumber Co. 

Costa Mesa * Sterling Pacific Building 
Materials 

Fremont * Energy Conservers Inc. 

Fresno « Longs Building Specialties 

Healdsburg « Healdsburg Lumber Co. 

Martinez * P. E. Dolan Lumber 

San Diego « Sterling Pacific Building 


Materials 

Santa Rosa * Mid Clark Lumber Co. 
Inc. 

Santa Rosa « Yaeger & Kirk 


Sonoma * Yaeger & Kirk 
Ukiah « Yaeger & Kirk 


Colorado 
Burlington * Burlington Home Center 
Colorado Sprit LI Dd Fowler 


Colorado suit . alee Brothers 
Lumber Co. 

Ft. Collins * Collins Cashway 

La Junta * Taylor Lumber Inc. 


Hawaii 

Kuhului » Valley Isle Building Supplies 
Idaho 

Shelley * Jolley Building Supply Inc. 


Kansas 

Frankfort « Davenport Lumber 

Hesston * Kropf Lumber Inc. 

Lenexa * Kansas City Millwork 

Manhattan + Hardman Lumber 
Company 

Osborne * Hardman Lumber Company 

Phillipsburg * Hardman Lumber 
Company 


Montana 
Great Falls * Poulsen Inc. 


‘Nebraska 

Beatrice * Sack Lumber Co. 

Harrison e Herren Brothers True Value 
Kearney * Century Lumber 

Lincoln + Pauley Lumber Co. 


Nevada. 

Fallon ° Kents Supply Center 

New Mexico 

‘Alamogordo + New Mexico Glass of 
Alamo 

Albuquerque * ABC Door Co. Inc. 

Taos * Rio Grande Ace Hardware 


‘North Dakota 
Fargo * Cashway Inc. 


Oregon 
Newberg * Lumbermens 
Waldport « Complete Glass 


South Dakota 
Belle Fourche « Roundup Building 
Center 


Rapid City « Remodeling Shoppe 
Yankton * Contractors & Builders 


Texas 
Amarillo + Beebe Lumber Co. Inc. 
Austin « Marvin Windows Planning 


Center 
Dallas « Marvin ences Planning 
Ft. Worth « Marvin Windows Planning 
Houston « Lone sh Plywood & Door 
Longview * Marva Windows Planning 
‘San Antonio * Home Design Center 


Utah 
Salt Lake City + A Lite Glass & 
Remodeling 


Washington 

Chehalis * Palmer Lumber Co. 
Edmonds * Window & Door Shoppe 
Everett + Goldfinch Brothers 
Kenmore * Knoll Lumber 

Lynden « Lyndale Glass 

Port Townsend 3 Glass. 


pany 

Seattle * Greer Lumber 

‘Sequim * Thomas Building Center 

Vancouver» Parr Lumber 

Wenatchee * Community Glass. 
Company 


| In the next Home Remodeling Ideas, 


, improve our "house power"-and help 


| replacing our outdated heating 


| the summer. 


| reason for homeowners to upgrade 


| this in the upcoming issue. 


T 
E 


we'll show how the local electric util- 
ity worked with us to upgrade and 


us solve several other renovation 
problems at the same time. 
Part of the solution included 


system with a high-efficiency electric 
heat pump. Next month we'll 
describe how our contractor used 
the home's existing ductwork to 
keep installation costs down, and 
we'll explain why this all-in-one unit 
can provide us with heat in the 
winter as well as air-conditioning in 


We also discovered another great 
their heating systems: many electric 


utilities offer rebates for energy- 
efficient installations. More about 


You Could Win This Handsome House... 


or $100,000 In Cash! 


Look for a “Win This House" Sweepstakes 


poster at participating home center stores, 


hardware stores, Isuzu dealerships and 
other retailers nationwide from June 2 to 
July 31, 1991. Enter at participating stores 
or mail in an entry. Look for an entry form, 
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details and rules in the June issue or write 
to *1991 Win This House Sweepstakes 
Official Rules,” P.O.Box 7076, Melville, NY 
11775-7076. Entries must be received by 
July 31, 1991. No purchase necessary. 
Void where prohibited. 


tins 


Win a 1991 Isuzu Rodeo 
or Isuzu Pickup Truck. 


many other 
valuable prizes. 


Save $25,000 or more on your 
new home. Be your own builder. 


No experience needed. NRI at-home training in Building Construction 
shows you how to build or remodel the home of your dreams. 


You can save from 10% 
up to 50% on the cost of your 
new home by building it 
yourself. And NRI can show 
you how. NRI's professional 

. course in Building Construc- 
tion teaches you what you 
need to know to be a building 
contractor. And you learn at 
home in your spare time. 
Whether you want to build 
your own home, remodel the 
home you've got, or start your 
own contracting business, NRI 
can get you started right. 

From Site Selection 
to Landscaping 

By being your own 
contractor, you save at least 
10% of the cost of the typical 
home right up front. Then, depending 
on how much of the job you do 
yourself, you can save up to 50%. NRI 
takes you through the job from start to 
finish in 70 lessons full of photos and 
diagrams to make learning easy. You 
begin by learning how to pick the best 
site, read blueprints, estimate costs, 
follow the job through to the planting 
of shrubbery and trees. 


Learn Professional Secrets 

Nothing's left out. You learn the 
trade practices and secrets of the pros. 
Masonry, carpentry, roofing, painting, 
even plumbing, heating and electrical 
work. You learn what good work 
looks like, tip-offs to bad or sloppy 
work. How to supervise jobs. . . when 
to bring in specialists. . .trade and 
financial practices. . . how to keep 
your job moving on schedule. 


Training Includes Plans for 
Energy-Efficient Home 
You learn better because NRI 
' training is practical training. You get 


over 100 action projects, from 
constructing scale models to building 
actual framing sections. Lessons and 
projects coordinate with a con- 
temporary energy-efficient home 
designed especially for NRI. You keep 
these plans to build your own home or 


select from more than 50 low- 
cost optional plans. 
Regional Seminar 
Asan exclusive service, 
graduates may participate in 
an optional owner/builder 
seminar. You'll get expert advice 
on local building codes and con- 
ditions, meet builders, learn more 
about energy efficiency, receive 
tips on financing. There'll be 
demonstrations, insider info on 
remodeling, hands-on programs 
for real-world practice. 
Send for Free 
Full-Color Catalog 
There’s much more to 
the NRI Building Construction 
Course. Send the coupon for 
Xx your free catalog describing all 
lessons, projects, and opportunities in 
the building business, See how you can 
save big money by building or 
remodeling your own home, or earn 
big money building for others. If 
coupon has been removed, write to 
NRI Schools, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 


I Pr. C] Buliding Construction 
SCHOOLS C Air Conditioning, 
I McGraw-Hill Continuing Refrigeration and Heating 
Education Center O Electrician 
l ri een Avenue, NW CJ Small Engine Repair 
| wets aive vou tomorrow. E] Apetinnce Siig 
l Eos C] Locksmithing 
C check tor etais. C Automotive Servicing 
I Please rush me the one free catalog 
Ihave checked. | understand there is no obligation. LJ Computers and 
Microprocessors 
l C Computer Programming 
l Name Prease print) Age C TViVideolAudio Servicing 
I C] Security Electronics 
A [ Basic Electronics 
l (CD Bookkeeping and 
Accounting 
| om 
l Accredited Member National Home Study Council 1304-041 


Northrop's ominous-looking YF-23 (above) and Lockheed’s sporty YF-22 (right) both aspire to be the Air Force’s next generation Advanced Tactical Fighter. - 


FAST, AGILE, STEALTHY 


SUPERCRUISERS 


By STUART F. BROWN 
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Two pairs of hot 
prototype fighters 
have been showing 
their stuff high above 
the California desert. 
Next month, the Air 
Force will pick one to 
replace the F-15. 


n the grim business of air-to-air 

combat, the pilot who first spots his 

opponent and dispatches a deadly 
missile is likely to be the one who 
survives to fly again. 

Imagine fighter planes engi- 
neered to prevail by launching 
missiles at foes who have yet to 

glimpse their attackers—or even be 
alerted by warning devices to the ap- 
proaching danger. The Air Force has 
been dreaming of such aircraft for 
years, and now is mulling over two 
pairs of ultra-high-performance pro- 
totypes designed with the pugna- 
cious slogan “first look, first shot, 
first kill” as inspiration. 

The YF-22s and YF-23s that com- 
pleted a fast-paced flight test pro- 
gram at Edwards Air Force Base in 
California last December demonstrat- 
ed performance never achieved by 
previous aircraft. Their most startling 
breakthrough was accelerating to “su- 
percruise” at sustained speeds above 
Mach 1.5 (about 1,200 mph) without 
resorting to afterburners that would 
more than double fuel consumption. 

Both airplanes showed great agility 
and are claimed by their builders to 
possess substantial stealth character- 
istics that make them difficult to de- 


tect with radar, infrared, and other 
sensors—the key to bushwhacking an 
unsuspecting adversary while mini- 
mizing vulnerability to surface-to-air 
missiles. One of the twin-engined 
fighters even uses movable exhaust 
nozzles that can vector thrust up or 
down for increased pitch control. 

The Lockheed/General Dynamics/ 
Boeing YF-22 and Northrop/ 
McDonnell Douglas YF-23 are the 
competing entries in the Advanced 
Tactical Fighter (ATF) program the 
Air Force established several years 
ago [*21st Century Superfighters,” 
Oct. ’86] to develop a successor to its 
current air superiority fighter, the F- 
15, which entered service in 1975. At 
the end of this month, the Air Force is 
due to announce the winner of a heat- 
ed race that has seen the five big air- 
craft companies invest about $1.4 bil- 
lion of their own money for a crack at 
what may be the last big fighter pur- 
chase for a long time. 

The program’s total cost (which 
could reach $100 billion or more for 
750 aircraft, with the possibility of 
further spending for a Navy version to 
replace the F-14 fighter) has the aero- 
space industry salivating in an era of 
declining weapons spending. It also 
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has inspired a number of critics in 
Congress and elsewhere to question 
the need for the ATF, which was con- 
ceived to battle swarms of Soviet 
fighters in the skies over Central Eur- 
ope, a scenario that now seems un- 
likely (see box, Do We Really Need the 
ATF?). 

Rationale and cost aside, the proto- 
types are fascinating machines that 
embody significant advances in high- 
performance airframe, engine, and 
avionics technology. They also reflect 
the individual philosophies of design 
teams that arrived at two quite differ- 
ent responses to the purposely open- 
ended “wish list" of performance re- 
quirements issued by the Air Force. If 
funding continues, the winning team 
will proceed to a full-scale develop- 
ment program involving design, man- 
ufacture, and flight testing of an ini- 
tial batch of 11 production-version 
ATFs. The losing team will go away 
empty-handed. 


lenty of thrust is what enables 

the YF airplanes (“Y” is the des- 

ignation for prototypes) to trav- 
el so fast. Competing engine builders 
General Electric and Pratt & Whit- 
ney developed advanced turbine de- 
signs for the ATF program that pro- 
duce 35,000 pounds of thrust apiece, 
yet weigh about the same as the 
25,000-pound thrust engines used in 
the F-15. 

One of Lockheed's YF-22s is pow- 
ered by two GE engines, the other by 
Pratt & Whitney's; Northrop’s YF-23s 
are similarly equipped. This is so the 
Air Force can identify the most suc- 
cessful of the four combinations of 
power plants and airframes. General 
Electrics YF120 engine uses a vari- 
able-cycle design (see box, Mach 1.6 
With Decent MPG), which improves 
its efficiency at slow-to-medium 
speeds, while Pratt & Whitney's en- 
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gine sticks to a simpler arrangement. 

Although the ATFs can save fuel 
and gain range by supercruising, their 
engines are still equipped with after- 
burners, which increase power 50 per- 
cent above full-throttle output. Fighter 


pilots insist on having this reserve for 
moments when a burst of scorching 


The extreme outward cant of the 
Northrop YF-23's big twin tails 
(left) helps confound enemy 
radars and gives the pilot an ex- 
cellent view over his shoulder. A 
look from above (below, left) 
shows long troughs aft of the 
engines designed to minimize the 
fighter's infrared signature by 
mixing hot exhaust with cooler 
air. The Lockheed YF-22's pro- 
truding thrust-vectoring exhaust 


acceleration may be 
the only way to 
catch or elude an 
agile opponent. 

A second element 
contributes to the 
ATFs’ speed: re- 
duced drag. By stor- 
ing fuel, missiles, 
and a cannon inside 
the aircraft, design- 
ers were able to keep 
the exterior shape 
aerodynamically 
clean—and free of 
radar-reflecting ap- 
pendages—com- 
pared with fighters that carry these 
items under their wings. But cramming 
so much underneath the skin also 
caused the ATF prototypes to grow 
somewhat larger than the F-15, partic- 
ularly in wing area. They may also be 
heavier. 

The plethora of classified features 


LOCKHEED CORP. 


on the airplanes makes it hard to as- 
sess objectively their relative perfor- 
mance. However, some observers 
think the Northrop design places 
more emphasis on stealthiness, while 
Lockheed’s approach somewhat fa- 
vors agility. There are several reasons 
for this. 


iewed from above (see diagram 

on page 66), the leading and 

trailing edges of the tails, ex- 
haust area, and clipped-diamond 
wings of Northrop’s YF-23 are paral- 
lel to each other, limiting the number 
of directions to four in which radar 
could reflect from these surfaces. 
Presumably, radar-absorbing materi- 
als are used on the edge areas to re- 
duce the likelihood of distinct radar 
beams, or lobes, returning to their 
sources. 

The YF-23's serrated tail silhouette 
and its engine-exhaust outlets sunk 
into deep troughs are reminiscent of 
another Northrop product, the B-2 
stealth bomber. Interestingly, the YF- 
23’s nose, with its pinched chines, or 
ridges, blending back into the main 
wing, calls to mind an early example 
of a radar-foiling design, rival Lock- 
heed’s SR-71 Blackbird spy plane. The 
YF-23's steeply canted twin tails are 
conceived to reflect radar beams in a 
direction where they will likely re- 
main undetected. 

By comparison, the F-15's tall, up- 
right tails look like a pair of barn 
doors. Such a shape is now unthink- 
able for a fighter, which seeks to avoid 
reflecting radar sideways at the fairly 
shallow angles believed to be most 
likely to betray its presence. 

Lockheed’s YF-22 is a more conven- 
tional-looking craft, with traditional 
pairs of horizontal and vertical tail 
surfaces. A topside view reveals lead- 
ing and trailing edges running along 
more angles than do the Northrop 
plane's, increasing the number of re- 
flected radar lobes. 

Burying engines deep within the 
fuselage has become a classic trick in 
“low-observable” aircraft design, and 
the two YFs are no exception. Radar- 
absorbing serpentine "S" ducts shield 
the metal fan sections of the turbines 
from prying microwaves. The impor- 
tance accorded to keeping engine parts 
shielded from sensors is particularly 
evident in the widely spaced trape- 
zoidal air inlets under the Northrop 
YF-23's wings and the fat engine 
bulges atop its aft fuselage. The ar- 
rangement of the YF-22's engines and 
intakes is more subtly submerged into 
its overall shape. 

Either YF can earn top scores on 
the "looks fast standing still" index fa- 
miliar to airplane buffs, depending on 


DO WE REALLY NEED THE ATF? 


The Air Force claims the Advanced Tactical 
Fighter (ATF) is required to counter front- 
line fighters such as the Soviet Mig 29, 
Sukhoi 27, and their eventual successors. 
Western coalition fighters have recently en- 
gaged in combat with Iraqi-piloted Mig 29s 
Sold to Iraq by the Soviets. Critics argue that 
improved versions of current U.S. aircraft, 
such as the proposed F-15XX and F-16, 
Falcon 21 will suffice. 

Last May, a small group of American spe- 
cialists were taken on a tour of Soviet aircraft 
development centers. One of those attend- 
ing was Dr. Charles W. Kauffman, associate 
professor of aerospace engineering at the 
University of Michigan. "We didn't see any- 
thing like an ATF, although we didn't look in 
every corner," he reports. 

Following are the views of military aircraft ex- 
perts contacted by PoPULAR Science.—S. F. B. 


"Clearly, we're going to need to replace the 
current generation of fighters at some point. 
The question is with what and how soon? Air 
Force missions against Iraq or North Korea 
don't demand the same level of technology 
as the Soviet threat that was anticipated. 
With the end of the cold war, the Soviets aré 
not modemizing to the extent we thought. 

"We can bridge the gap between an ATF 
and our current fighters by upgrading some 
of the existing aircraft. When we eventually 
do develop a new-generation ATF, perhaps 
around the year 2010, it need not be quite 
so fancy a system as the one the Air Force 
is working on. An old adage in weapons ac- 
quisition is that the last five percent of capa- 
bility is fifty percent of the cost."—Alexis 
Cain, research director, Defense Budget 
Project, an independent research organiza- 
tion that provides public information on de- 
fense spending and policy issues 


“Even though the prospect of a U.S.- 
Soviet confrontation in Central Europe has 
become implausible enough to be almost 
Pure science fiction by now, there are high- 
quality Soviet-made aircraft in air forces 


around the world that are not friendly to us. 
Having flown the Mig 29 and every fighter in 
the U.S. Air Force inventory, | know that the 
Soviet fighters are formidable adversaries. 

“| think we should have an ATF. For the 
near term, we could probably get by with do- 
ing nothing. But we've eventually got to 
modemize the force by replacing the F-15. If 
| were in charge of setting requirements, | 
would have liked to come up with an air- 
plane a little bit less exotic than these two 
prototypes that cost less and would do 
somewhat fewer things, while still keeping 
us in the game at the leading edge. No 
country can afford a $100 million fighter."— 
Benjamin S. Lambeth, senior research staff 
member, Intemational Policy Department, 
Rand, a contract think tank 


“The ATF was designed not to perform a 
clear mission, but to carry a laundry list of 
technologies: stealth features, radars, flight 
controls, intemal weapons, et cetera. And 
the Air Force wasn't willing to accept any 
cheap technologies. This is exactly the op- 
posite of the way you go about trying to 
make an affordable airplane that works. 

“if air-to-air fighting were the ATF's real mis- 
Sion, it could be built as a small, superbly ma- 
neuverable aircraft with an extremely high 
thrust-to-weight single engine and not an ex- 
tra ounce of weight. This would allow it to su- 
percruise at Mach 1.2 to Mach 1.5 for half an 
hour. The two ATF prototypes grew so heavy 
they lost the ability to supercruise long 
enough to be likely to surprise an enemy 
from behind. Speed leads to surprise, and so 
does simply being small; it makes an air- 
plane hard to see. Designers have been try- 
ing to achieve beyond-visual-range killing of 
enemy fighters since 1958, but, at most, 
four such kills havé been accomplished. The 
reason is simple: There is still no reliable 
sensor that can tell friends from foes."— 
Pierre Sprey, a defense consultant and for- 
mer official who worked on devel- 
oping the A-10 and F-16 aircraft and the su- 
percruising fighter concept 


a erirurr a vant lee 


Superimposed plan views of the ATF prototypes and a McDonnell Douglas 
F-15C reveal similar lengths, while the new aircraft have 

greater wing area. Stealth considerations make the F-15’s boxy engine air 
inlets obsolete. The ATFs breathe through smoothly contoured openings. 


the mood of the moment. Such demo- 
cratic sentiments are scarcer among 
members of the industrial teams that 
built the planes, though; each camp 
tends to feel its contender is clearly 
the beautiful one. The stress of com- 
petition has even caused combative 
thoughts to creep into some minds: A 
tiny YF-22 was recently observed pur- 
suing a tiny YF-23 across one Lock- 
heed manager’s lapel. 


ockheed’s designers chose to 

equip their prototype with a wild 

feature: two-dimensional thrust 
vectoring. It consists of a movable 
heat-resistant metal nozzle (possibly 
coated with ceramic) that directs en- 
gine exhaust up or down to improve 
maneuverability at certain speeds. 

A computerized flight-control sys- 
tem blends the vectoring commands 
with those directing the aircraft’s 
flaps, tails, and other normal control 
surfaces, so the vectoring operation re- 
mains “transparent” to the pilot. 

“I don't feel anything kicking in," 
says Lockheed chief test pilot Dave 
Ferguson. ^I just get double the roll 
rate at low speed. The vectoring con- 
trols pitch, while the differential tails 
input roll at a stronger rate than they 
could otherwise, so I can turn about 
twice as fast. Above Mach 1.4, when 
the tail loses some of its effectiveness, 


vectoring lets me 
turn about one- 
third faster. We 
think the added 
weight and com- 
plexity of the sys- 
tem have more 
than paid their 


dusky Jr., chief de- 
signer of Nor- 
throps  YF-23, 
carefully consid- 
ered the idea of us- 
ing thrust vector- 
ing—then rejected 
it. “We didn't see 
a payoff. Wings 
should lift and en- 
gines should push, 
and they don't do each other's job too 
well," he says adamantly. “Engines just 
aren't the efficient way to make lift.” 

Northrop’s curvaceous yet some- 
what sinister-looking number-one 
prototype rests in a highly secured 
hangar at Edwards Air Force Base. A 
walk around the big black-skinned 
warbird with chief test pilot Paul 
Metz allows a peek at the formerly 
classified area between the big tails. 
Here, instead of thrust-vectoring 
hardware, one sees the effort engi- 
neers invested in minimizing the in- 
frared signature generated by the 
fighter’s exhaust heat—particularly 
when viewed from below. 

The twin turbines’ 2,300-degree-F 
exhaust gases run through deep 
troughs lined with tiles made from 
temperature-tolerant titanium alu- 
minide intermetallic material. Lamil- 
loy cooling technology developed by 
General Motors’ Allison Gas Turbine 
division is used to extract vast amounts 
of heat from the tiles by pumping air 
through a maze of tiny internal pas- 
sages and surface holes. This keeps 
the temperature of the composite un- 
derside of the tail several inches below 
at only 300 degrees F, according to 
Thomas R. Rooney, Northrop’s vice 
president and ATF program manager. 

When the Lockheed YF-22s take off, 
a fiery glow is visible in their short ex- 


The combat doctrine underlying the ATF effort stresses surprise attack from 


beyond visual range. The cones represent a stealthy ATF identifying a foe 


and launching missiles while remaining undetected. 
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haust nozzles. Some engineers specu- 
late that the thrust-vectoring design 
could emit a stronger infrared plume 
than does Northrop's recessed nozzle 
design, but this may also be countered 
by infrared-spoofing equipment on the 
aircraft. 


About 15 years ago, when stealth 
technology was hidden from view in 
highly classified “black” research pro- 
grams, reducing observables seemed 
to be drastically at odds with the aero- 
nautical design principles known to 
make aircraft well-behaved in flight. 
Recent advances have prompted aero- 
nautical engineers to toss this notion 
out the window. 

"You may not believe this," is the 
way Lockheed ATF-program general 
manager Sherman N. Mullin prefaces 
a startling claim. “It isn't a case of 
stealth or agility anymore. You can 
have both. The reason it took us a year 
longer than we originally thought to 
get the external shape of our airplane 
nailed down was because we set the 
goal of having low-observable charac- 
teristics in the same league as the F- 
117 stealth fighter, with better maneu- 
verability than any current fighter. 
And that's what we've got." 

Northrop officials echo this opinion. 
"What's good from an observables 
standpoint turns out not to be so bad 
aerodynamically" says ATF manager 
Rooney. 

Continuing experimentation has 
yielded a family of techniques that 
includes subtly refining the shapes of 
components such as exhaust nozzles 
and air inlets to achieve both goals at 
once, says Mullin. ^We didn't know 
how to do this five or six years ago, and 
we sure didn't know how when we de- 
signed the [notoriously graceless] F- 
117," he says with a chuckle, *even 
though that's a slick-looking airplane 
aerodynamically, you've got to admit." 

Does supercruising feel as sporty as 
it sounds? Lockheed's Ferguson says 
his airplane simply accelerates 
smoothly away from the F-15 chase 
planes used during flight testing. 
"There's no way they can stay with the 
prototype. I was burning about two- 
thirds as much fuel as the afterburn- 


ing F-15 that was chasing me at a 
slightly lower Mach number.” 

During flight demonstrations, the 
Lockheed airplane equipped with 
General Electric engines supercruised 
at Mach 1.58 at 40,000 feet. Northrop's 
GE-powered version exceeded Mach 
1.6 in supercruise, while its Pratt & 
Whitney-powered twin reached a 
speed of Mach 1.43. 

With afterburners lit, a Northrop 
plane reached Mach 1.8 at 50,000 feet, 
while one of Lockheed's hit a classified 
speed “in excess of Mach 2.0." The 
flight program showed that the Pratt 
& Whitney engines produced less 
thrust, although further-developed 
versions of both engines will be tested 
before the Air Force chooses one to 
power the production ATF. 

Rapid progress is occurring in an- 
other key field: making aerospace 
Structures from lightweight composite 
materials. The YF prototypes are built 
from about one-third plastic materials; 
production ATFs would contain more. 
A new generation of toughened poly- 
imide resins with the tongue-twisting 
appellation bismaleimides (BMI is 
easier to say) is being used in graphite 
composites, with two to three times 
the high-temperature toughness of the 
epoxy resins available in 1985. 

New thermoplastics are even tough- 
er, but less tolerant of high tempera- 
tures, so they are being used to make 
damage-resistant landing-gear doors 
and access covers used on the relative- 
ly cool undersides of aircraft. 

Northrops YF prototype was built 
from the outside in—which is the op- 
posite of the customary procedure for 
fabricating aircraft. “Boats are built 
this way because they've got to come 
out of the mold with a smooth outside 
surface,” explains Martin J. McLaugh- 
lin, Northrop’s manager of manufac- 
turing technology on the YF-23 pro- 
gram. “Surface smoothness and shape 
blending are very important for low- 
observables reasons, so now we're do- 
ing the same thing with airplanes." 

At Northrop's integrated composites 
center in El Segundo, Calif., where the 
YF-23's plastic parts were fabricated, 
McLaughlin likes to show off a huge 
ll-by-17-foot graphite-composite part 
that would be used on a production 
ATF to replace five individual skin sec- 
tions used on the prototypes. The sin- 
gle, deeply contoured part has integral 
stiffeners and longerons inside its skin 
and forms a large area of the distinc- 
tive double-humped surface covering 
the YF-23's engine bay. He urges visi- 
tors to gaze down the as-molded sur- 
face looking for wavy reflections, indi- 
cating surface imperfections. There 
arent any. 

A comparable metal assembly 


MACH 1.6 WITH DECENT MPG 


The source of the Advanced Tactical Fight- 
ér's (ATF) remarkable and efficient super- 
cruising ability—and the extended flying 
range it confers—is a pair of advanced-de- 
Sign jet engines that produce 10 pounds of 
thrust for every pound they weigh, a 25 per- 
cent improvement over the latest F-15 and 
F-16 engines. 

Engine-building rivals General Electric 
and Pratt & Whitney each developed ATF 
power plants using fewer and lighter-weight 
internal parts made from exotic materials 
tolerant of increased operating tempera- 
tures that extract more of the energy con- 
tained in kerosene jet fuel [21st Century 
Hot Jet Engines," June '90]. 

As a rule, a turbine engine is most effi- 
cient when the velocity of its exhaust gases 
equals the speed of the aircraft it propels. 


AFTERBURNER 


GE's YF120 variable-cycle engine (above) 
has the ability to adjust its operation for the 
best fuel efficiency at varying speeds. Dur- 
ing takeoff and subsonic cruising, it oper- 
ates as a turbofan, pumping large volumes 
of hot gas and bypass air at a moderate ve- 
locity. During supersonic flight at high alti- 
tudes, movable fan-bypass doors direct 
more of the airflow through the engine's 
core, transforming it into a turbojet that 
generates a high-velocity exhaust stream. 
The YF120's bypass doors are reported to 
be activated by aerodynamic pressure and 
to add only 10 pounds to engine weight. 

Pratt & Whitney, which built the still-secret 
variable-cycle J58 engines used in the ul- 
tra-fast SR-71 Blackbird spy plane, opted 
for a less complex design for its YF119 ATF 
engine.—S. F. B. 


would contain buckets of fasteners 
connecting scores of parts and require 
extensive hand-finishing to even ap- 
proach the surface smoothness of the 
composite part. It would also weigh 
more. 

The ATF prototypes use computer- 
ized flight-control systems that make 
subtle corrections to the various con- 
trol surfaces at a rate no pilot could 
hope to match. Rather, the pilot indi- 
cates with the throttles and control 
Stick where he wants his aircraft to go, 
and it figures out the best way to do it. 
Such a system requires ultra-quick 
computers and control actuators gov- 
erned by reams of software containing 
control solutions for every conceivable 
condition that could occur in flight. 
F 22 was written by a team of 50 

specialists working for 30 months 
at General Dynamics’ Fort Worth, 
Texas, facility. The first version inten- 
tionally lacked thrust-vectoring com- 
mands to keep the early stages of 
flight testing simple. Two subsequent 
versions incorporating vectoring com- 
mands and other refinements were 


light-control software for the YF- 


loaded into the YF-22 computers as 
the program advanced. 

How do software engineers know 
what to tell a fighter plane’s control 
computers? They get their cues from 
experienced fighter pilots who put in 
countless hours “flying” ATF missions 
on powerful simulators. “The simula- 
tor flying has paid off for us because 
we have not encountered any major 
surprises in testing,” says Lockheed’s 
Mullin. 

Spectators at the first flight of 
Northrop's prototype noticed its huge 
all-moving tails—each larger than a 
small fighter's wing—quivering like 
butterfly wings as the airplane taxied 
out to the runway. Test pilot Metz 
says this occurred because the early 
generation flight-control software 
didn't include instructions to ignore 
motions in the airframe caused by 
pavement bumps. The answer, he 
adds, is inserting lines of computer 
code that tell the system not to try to 
correct for conditions sensed when the 
fighter's full weight is on its nose 
landing gear. 

Anessential element of the ATF pro- 

[Continued on page 94 | 
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A new idea in 


housing offers a 


vision of innove 
tive building prod- 
ucts made from 
what were for- 
merly considered 


waste materials. 


RECYCLED 


HOUSE 


By MARCELLE M. SOVIERO 
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WHAT GOES IN, WHAT COMES OUT 


Image Carpets of Armuchee, Ga., 

uses the polyethylene fibers from plas- 
tic soft-drink and ketchup bottles to make 
the carpets used in the bedrooms. 


pz] Strips of wood are glued, pressed to- 

gether, and cured with microwaves to 
form parallel strand lumber [“Reinventing 
Wood,” May '90]. MacMillan Bloedel Ltd. of 
Annacis Island, British Columbia, makes 
Parallam, which is sawed, drilled, and 
nailed like regular wood. 


Fire-resistant Cemwood Shakes from 

American Cemwood Products of Al- 
bany, Ore., are made with cement and 
wood fibers, a byproduct of a mill. 


The ceramic Traffic Tiles in the bath- 

rooms and hallways are made of waste 
glass, mostly from automobile windshields. 
Ground glass is melted together and then 
fire-sealed for a dirt-resistant finish, says 
maker Ludowici Stoneware Co. of New 
Lexington, Ohio. 


[z3!nstalled over concrete slabs, Com- 

fortBase carpet underlayment provides 
insulation and cushions the floor. 
Homasote Co. of West Trenton, N.J., 
makes the underlayment using 
wood fibers from wastepaper, 
Such as outdated telephone books. 


DT wae 


arely has anyone consid- 
ered the average home to be 
a threat to natural re- 
sources. But consider these 
statistics: Builders employ 
some 10,000 board-feet of 
timber—the equivalent of 
10 to 15 average-size trees 
—in a typical three-bedroom home, 
says the U.S. Forest Service. That 
same house also includes some 4,800 
square feet of drywall and 42 cubic 
yards of concrete, according to the 
National Association of Home 
Builders (NAHB). 

“We build more than one million 
houses every year,” says E. Lee Fish- 
er, senior industry engineer at the 
NAHB Research Center. It all adds up 
to a staggering amount of materials 
that are not as plentiful today as they 
used to be. 

"I've seen the West strip mined and 
clear cut," says Steve Loken, presi- 
dent of the Center for Resourceful 
Building Technology (CRBT) in Mis- 
soula, Mont. “Because important ma- 
terials are disappearing, changes in 
the way we build homes in the future 
are inevitable." 

Loken and other builders have dis- 
covered new resources for building 
houses: recycled products and those 
made from "secondary" materials— 
that is, byproducts of manufacturing 
processes. These can include wood 
chips, paper, and mine tailings. 

Loken's made-to-be-sold ReCraft 
house, which is to be completed this 
summer in Missoula, will incorporate 
many such materials, including insu- 
lation and structural panels made 
from wastepaper, engineered lumbers 


from wood scraps, and carpets from 
old soft-drink bottles. The two-story 
2,400-square-foot house will also be 
energy and water conserving. ReCraft 
is the initial project of CRBT and 
South Wall Builders, Loken's con- 
struction company, also in Missoula. 

The NAHB Research Center is 
working on a similar project and plans 
to begin construction this summer on 
its Resource Conservation Research 
House in Maryland. 

The chief purpose of the ReCraft 
house is to demonstrate how to make 
better use of available materials, says 
Loken. *We are trying to use the 
smallest amount of materials in the 
most efficient ways," he explains. "It's 
like finding the thinnest knife to cut 
butter—instead of using a chain saw. 

"There were two criteria behind the 
product selections," Loken continues. 
“One was resource efficiency, or how 
much material was needed to do the 
job; and the second was embodied en- 
ergy, or the amount of energy used to 
manufacture the material." 

Because products made from trees 
comprise much of what is used to con- 
struct houses, Loken will employ sev- 
eral wood-conserving products. 

One example is Insul-Tray, an insu- 
lation system that uses cellulose from 
shredded waste newsprint. Cardboard 
panels—made from wastepaper, phone 
books, and cereal boxes—are stapled 
to the studs. The resulting cavities are 
filled with the cellulose. The system 
costs about 20 percent more than fiber- 
glass batts because its installation is 
more labor intensive, says maker In- 
sul-Tray Inc. of Oak Harbor, Wash. 

Another way to conserve trees is 
simply to use less lumber. ^We are us- 
ing thin veneers of wood in places that 
are visible, such as doors and trim, not 
in structural parts of the house, where 
big chunks of wood would otherwise 
be used," says Loken. For areas that 
require more strength, Loken will em- 
ploy engineered wood products such 
as Parallam parallel strand lumber 
(see photo) and strand board, which is 
made from chips of wood that are 
glued and pressed together. 

Loken also plans to use wood more 
efficiently. In the last decade, the av- 
erage sawed-tree diameter in the 
West has dropped from 14 to 7 inches. 
In trying to use materials more effi- 
ciently and to get structural-strength 
members from younger trees, Loken 
will use pole I-joists by Montana 
Wood Specialties in Missoula for the 
floors. The smaller-diameter trees, 
which are not squared off, make up 
the top and bottom of the pole I-joists; 
oriented strand board forms the web. 

Support for the floors will come from 

[Continued on page 98] 


" SEARCHING FOR THE 


T JHECOSMIG 


hat is the world made of? How 
did it begin? Will it ever end, 
and, if so, with a bang or a 


ain of cosmologi. 
who probe the nature of the unimaginably 
large—the universe. And more and more in 
the past few decades, they have also been the 
concern of physicists who wrestle with the 
problems of elementary particle physics, the 
realm of the unthinkably 
small. For the discoveries by 
particle physicists at places 
like CERN—the European Laboratory for Par- 
ticle Physics in Geneva, Switzerland—are em- 
boldening cosmologists to think that their the- 
ories of the universe's origin and evolution are 
at least tenable. "The intellectual merger of 
particle physics and cosmolo writes David 
N. Schramm, an BEBOP sicist at the Uni- 
versity of Chicago who has been at the fore- 
front of the merger, “has been one of the scien- 
tific triumphs of the last decade.” 

CERN is one of the world's great r« rch fa- 
cilities—a complex of particle accelerators and 
detectors with their attendant theoreticians, 
experimentalists, and technicians, more than 
7,000 of them. It is the home of what is now 
the world's largest machine—the LEP, short 
for Large Electron-Positron collider. The LEP 
is a huge underground ring, almost 17 miles in 
circumference, that straddl 
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By ARTHUR FISHER 


France and Switzerland, penetrating the 
Earth to depths ranging from 164 to 492 feet. 
Every night (if they are not held in place by 
some critical experimental run) the LEP's aco- 
lytes disperse to locales ranging from chic 
Genevan suburbs to rustic hamlets across the 
French border, where woodcutters and s 
herds still live by 14th century rules of barter. 

The results from one particular set of exper- 
iments by the LEP have particularly galva- 
nized the world of physics: measuring the at- 
tributes of an elusive, short-lived particle 
called the Z-zero boson. The 
measurements enabled physi- 
cists at long last to declare 
definitively that there are no less and no more 
than three families of elementary particles 
making up the cosmos. “These measurements 
have taken the heat off the need to search for 
more generations of particles,” say 
Rubbia, CERN's director general. And that 
discove! n turn, assured cosmologists that 
their picture of one stage of the universe's evo- 
lution—the stage at which matter as we know 
it was being formed—is correct. 

Following the logic between these experi- 
mental results and the cosmologists' satisfac- 
tion with them—the cosmic connection—is not 

It requires a hurried and necessarily 

implified tour of the world of modern 

cs, much as if a busload of tourists were 
being whisked past the great pyramid of Giza 
without being told much about how and why it 
was built in the first place. 


BEGINNING OF TIME,‘ 


CONNECTION 


One reasonable place to start is the late 
1920s. At that time, only three particles were 
known to physicists: the photon, electron, and 
proton. Photons, in this scheme, are the ma: 
less carriers of electromagnetic radiation, ev- 
erything from infrared to visible light to X- 

and gamma r Protons and electrons 
make up the atoms of element: 

Physicists were racing to describe the prop- 
erties of this particle world in terms of quan- 
tum mechanics, One of the two pinnacles of 
20th century physical theory—the other is 
Einstein's theory of general relativity—quan- 
tum mechanics is one of the most powerful de- 
scriptions of nature ever conceived. It has 
been called by Nobelist Murray Gell-Mann 
“that magnificent and confusing discipline." 
Magnificent because in the uncanny arena of 
s, where the rules 
It is con- 


omic phy: 
founder, it works. 
fusing because it replaces the easily intuitable 


unbending order of Newton" world with a 
slippery neither-here-nor-thereness. Accord- 
ing to quantum theory, light can behave both 
as a particle and as a wave, and so can an 
electron. Moreover, it is impossible ever to pin 
down an electron. The more definitive 
try to specify the position of an electron, for 
example, the more indefinite its momentum 
becomes, a state of affairs that is mathemati- 
cally described in the famous nberg un- 
certainty principle. (Werner Heisenberg was 
one of the architects of quantum mechanics.) 
At the core of quantum physics is the con- 


cept, originated by Max Planck in 1900, that 
in the atomic world energies do not inhabit a 
range of values, but occupy sepa- 
like the rungs of a ladder, and that 
radiant energy is emitted and absorbed only 
in discrete packets called quanta. In 1905, 
Einstein extended the idea of the quantum to 
all electromagnetic radiation, including light 
, and initially many 
found these notions to be maddeningly bizarre 
and repugnant. Even Einstein, who had con- 
tributed much to its underlying architectur 
balked at accepting the fully developed theor 
He found its indeterminacy totally unpalat- 
able and was fond of stating that “God do 
not play dice with the universe.” On a day 
when he had pontificated “God does not ple 
i once too often during friendly debate 
with physicist Niels Bohr, Bohr r 
bert, stop telling God what to dc 
once said that anyone, particularly any s 
dent of nature, who was not shocked by quan- 
tum mechanics had failed to understand it. 

In 1928, a reclusive young theoretical phy: 
icist at Cambridge University in England 
named Paul Dirac was ng to reconcile 
quantum dynami 
special relativity. When D wrote an equa- 

ion relativistically describing the properties 
of the electron, he found that one of its solu- 
tions seemed incredible—it dictated the e 

tence of another unknown particle, electron- 
like, but with an opposite electric charge: 
positive rather than negative. Moreover, the 
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The large white ring, above, traces the tunnel of CERN's LEP. It extends from Geneva, Switzerland, across the French border (dashed line) to the foothills of the Jura. 


DELPHI 


Inside the Large Electron-Positron (LEP) collider, beams of electrons and positrons traveling in 
directions are steered by magnets and accelerated to a combined energy of about 90 GeV. Bunches of 
particles collide 45,000 times a second inside four massive detectors arrayed around the 
tunnel—Aleph, L3, Delphi, and Opal—and create the elusive short-lived Z bosons. 


mathematics implied that every parti- 
cle must have another such partner: 
an antiparticle. The antiparticles, 
Dirac’s work predicted, should have 
the same mass and spin as their part- 
ners (denizens of the subatomic world 
generally spin about their axes), but 
an opposite electric charge and oppo- 
site values for certain other quantum 
attributes related to charge. These 


doppelgiingers would constitute a dif- 
ferent kind of matter—aritimatter. 
Dirac’s mathematics held an even 
more startling implication. Should a 
particle meet with its antiparticle, both 
would be destroyed in a flash of pure 
energy. An electron-positron collision 
would produce a shower of gamma 
rays. The amount of energy liberated 
would be precisely that predicted by 


Einstein's equation relating energy with 
mass: E2mc?. Contrariwise, in this 
Alice-through-the-looking-glass world, 
a pair of antiparticles could be created 
from sheer energy, and the energy 
needed would be at least the sum of 
the pair's masses converted to energy. 
Dirac's discovery was so shatter- 
ing—it would forever change the view 
of matter as being fundamental and 
immutable—that he was reluctant at 
first to believe it, a reluctance fur- 
thered by the cold fact that, as yet, no 
one had ever seen an antielectron. 
(His trepidation was perhaps also 
linked to his personality. Like such il- 
lustrious predecessors as Ohm, Am- 
pére, Volta, Watt, and Hertz, Dirac 
had a physical unit named after him. 
His shyness and taciturnity were so 
notorious at Cambridge that resident 
wags invented a unit called the dirac; 
one dirac equals one word per year.) 
Despite his reservations, Dirac per- 
severed in what has since been called 
*one of the most dramatic develop- 
ments of the intellectual penetration of 
nature by man." And on Aug. 2, 1932, 
the spoor of Dirac's incredible particle 
was spotted in an experimental appa- 
ratus called a cloud chamber by a young 
graduate student named Carl Ander- 
son. Sometime later Anderson named 
this “positive electron" the positron. 
Dirac was awarded the 1933 Nobel 
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Prize in Physics for his pivotal work. 
Anderson picked up his Nobel in 1936, 
after borrowing $500 to get to Stock- 
holm, Sweden. (The antiproton itself 
was found in 1955.) 


tions about still more particles 

were made and confirmed. In 
1930, a neutral, massless, and there- 
fore almost undetectable ghost of a 
particle was predicted by Wolfgang 
Pauli, one of the other godfathers of 
quantum theory. Enrico Fermi, an 
Italian theoretical physicist who was 
one of the chief architects of the nucle- 
ar age, dubbed it the neutrino (after 
bambino); its existence was demon- 
strated in the 1950s. The neutron was 
discovered by James Chadwick in 
1932. In 1934, Japanese physicist Hi- 
deki Yukawa fearlessly predicted that 
a particle more than 200 times heav- 
ier than the electron would be found 
within the nucleus; called the pi me- 
son, or pion, it was discovered in 1947. 

To delve the subatomic world, ex- 
perimenters built ever-larger and 
more-energetic particle accelerators, 
or “atom smashers.” They used what 
eminent physicist Victor Weisskopf 
calls the Swiss watch method: “If you 
want to know what is inside two 
Swiss watches, you bang them togeth- 
er as hard as you can and see what 
comes out.” As the experimenters 
bashed their *watches"—protons and 
antiprotons, electrons and positrons— 
with ever more fury, the trickle of new 
particles became an avalanche. From 
the three-particle simplicity of 1928, a 
confusing zoo of hundreds of different. 
particles arose. Before he died in 1954, 
Fermi said, “If I could remember the 
names of all these particles, I would 
have been a botanist." And I. I. Rabi, 
winner of the 1944 Nobel Prize in 
Physics, on hearing of the discovery of 
the muon, identical to the electron but 
more than 200 times as massive, 
quipped, “Who ordered that?” 

Most of these infuriating subnucle- 
ar particles did not exist in ordinary 
matter, but were born and died inside 
the accelerators. Most had extremely 
short lifetimes, on a scale that was in- 
comprehensible in human terms; they 
disappeared in as little as 10™ second. 
And they appeared to be divided into 
two main categories. Most were ha- 
drons, from the Greek word for “thick,” 
and included protons, neutrons, and 
mesons. The rest were leptons, Greek 
for “light,” and included photons, elec- 
trons, neutrinos, and muons. 

Could this menagerie of particles 
really be “fundamental?” Most physi- 
cists could not believe it. One of the 
driving forces in science for some 
2,500 years had been the concept of 
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This computer reconstruction of an 


and quest for the basic particle of mat- 
ter, something indivisible. This atomic 
idea, originated by Greek philosophers, 
such as Democritus and Leucippus, 
remained gospel through the cen- 
turies. In 1704, Newton wrote in 
Opticks: “it seems probable to me that 
God in the Beginning formed Matter 
in solid, massy, hard, impenetrable, 
movable Particles....” In the 19th cen- 
tury, chemist John Dalton proposed 
that every element was made up of a 
different kind of atom, which would 
make up every sort of stuff in creation, 
from chemists to cabbages. 

So by the second half of the 20th 
century, scientists were seeking to 
make sense of the gaggle of subnucle- 
ar particles, all of which could clearly 
not be basic. But they had another 
problem, just as daunting. The uni- 
verse is not only the realm of parti- 
cles, but also of forces that govern the 
complex play of matter and energy. 
They knew there were four basic 
forces in nature: gravity, electromag- 
netism, the strong nuclear force, and 
the weak nuclear force. For decades, 
physicists had struggled to find some 
way to create a mathematical struc- 
ture that would unify all four forces— 
a grand unified theory. If attainable, a 
single, powerful set of rules would ex- 
plain and predict every kind of phe- 
nomenon in the universe, on scales 


3 09-09-24 22:63 Muncaopd 
604 Thitzencoeonn 


sitron collision inside the Aleph detector at the LEP - 
shows a spray of partides. Z’s are created in more than 99 percent of the collisions. 


from the infinitely small to the infi- 
nitely large: the radioactive decay of 
nuclei and the swirl of galaxies; the 
fiery furnaces within stars and the vo- 
raciousness of black holes; the flight of 
eagles and the mind of man. 

That quest for what has been called 
the Holy Grail of physics stems from a 
basic belief. As Sidney Drell of Stan- 
ford University puts it: “We know that 
there exist simple, general laws that 
explain the rich diversity of nature; 
that is our basic faith as scientists.” 

But the incredibly disparate na- 
tures of the four forces seemed to defy 
unification. Gravity is the most perva- 
sive. Acting over an infinite range, it 
holds sway over all matter and energy. 
It holds the stars in their courses and 
governs the fall of a sparrow. But it is 
also the weakest of the four, and by a 
confounding amount. It is 38 orders of 
magnitude—100 trillion trillion tril- 
lion times—feebler than the strong 
nuclear force, which in turn is 100 
times stronger than electromag- 
netism. The strong force, however, 
acts only within the nucleus, over a 
range of a mere 10? centimeter— 
about the diameter of a proton. It acts 
on all hadrons and accounts for the 
torrential energy released by ther- 
monuclear fusion. 

Electromagnetism, like gravity, acts 
over an infinite range, affecting only 
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charged particles. Lightning’s flash 
and a magnet’s grasp stem from elec- 
tromagnetism, which also fashions 
chemical behavior by determining the 
size and shape of atoms. - 

The weak nuclear force is the most 
elusive of all. It is 100,000 times weak- 
er than the strong force and operates 
over an even shorter range, 105 cen- 
timeter. It acts on both hadrons and 
leptons and governs one kind of ra- 
dioactive decay, which changes one 
particle into another. It is also respon- 
sible for a nuclear reaction in stars. 

How to integrate these disparate 
forces with the particles they act on? 
T estry whose motif is just such an 

integration. The tapestry has 
many strands contributed by many 
weavers—theorists buttressed by pla- 
toons of experimenters. It is called the 
Standard Model, a pedestrian name 
for a collection of theories that are 
brilliantly successful at delineating all 
the known truly elementary particles 
and their interactions. It is impossible 
in this space to detail every weft and 
warp of this decades-long effort, and 
much of its success depends on mathe- 
matics inaccessible to the layman. 

In particular, many of the model's 
ideas rely on something called gauge 
theory, or gauge symmetry, a mathe- 
matical concept that links geometrical 
transformations in space and time, 
the symmetries of the laws of nature, 
and the internal symmetries that de- 
fine the quantum properties of parti- 
cles. The relation is subtle, obscure, 
and impossible to demonstrate with- 


oday there exists a grand tap- 


ES 


GRAVITY 


out recourse to a branch of mathemat- 
ics called group theory. James R. 
Newman, a historian of mathematics, 
once called group theory “the supreme 
example of the art of mathematical 
abstraction. It is the most powerful in- 
strument yet invented for illuminat- 
ing structure...a branch of mathemat- 
ics in which one does something to 
something and then compares the re- 
sult with the result obtained from do- 
ing the same thing to something else, 
or something else to the same thing." 

Another key ingredient of the Stan- 
dard Model is the concept of force car- 
riers. If two particles experience a 
force—two electrons are repelled by 
the electromagnetic force, for example 
—they do so by exchanging another 
intermediate particle, which is said to 
mediate, or carry, the force. The mass- 
less photon is the force-carrying parti- 
cle of electromagnetism. 

The Standard Model posits that the 
building blocks of the universe, the ele- 
mentary particles, consist of only six 
leptons, six quarks, and their antiparti- 
cles. They seem to fall naturally into 
three families, or generations, grouped 
by their properties, including increasing 
mass. The first family is the one we 
could invite home; it makes up conven- 
tional real-world matter and includes 
the up and down quarks, the electron, 
and the electron neutrino. Members of 
the other two families, much heavier, 
are glimpsed only briefly in the guts of 
giant accelerators or in the sprays of 
particles produced by cosmic ray bom- 
bardment. The second family has the 
charmed and strange quark, the muon, 
and the muon neutrino. The third fami- 


ly has the bottom and top quarks, the 
tau—an electronlike particle—and the 
tau neutrino (see box, The Families of 
Fundamental Particles). The top quark 
and the tau neutrino have not yet been 
detected, although there is indirect evi- 
dence that both exist. 

The quark was proposed in 1961 by 
Gell-Mann of the California Institute 
of Technology (and independently by 
George Zweig, also of Caltech) as a 
new basic particle of matter. (The name 
comes from a passage in James Joyce's 
Finnegans Wake: "three quarks for 
Muster Mark.") Gell-Mann said that 
they came in three different "flavors," 
which he dubbed "up," *down," and 
"strange." Later on, three more flavors 
were added: "top," *bottom," and 
*charmed." In various combinations, 
the quarks would compose every ha- 
dron, the particle subject to the strong 
force. The theory specified that the 
hadrons that are called baryons— pro- 
tons, neutrons, and their relatives— 
are made of three different quarks. 
For example, the proton is made of 
two up quarks and one down quark. 
The rest of the hadrons, called me- 
sons, are composed of one quark and 
one antiquark. 

No one has ever seen a quark, and 
in some theories they are eternally 
bound inside larger particles. During 
the early 1960s, quarks seemed just 
another quirky invention of a whimsi- 
cal theorist. But in 1967, three experi- 
menters at Stanford University's 
SLAC (Stanford Linear Accelerator 
Center) showed that there were in- 
deed three small, heavy somethings 
buried deep within the proton, like 


Evidence for the existence of gluons was found in 1979, for the W's and Z, in the early 1980s. Gravitons—carriers of gravitational force—remain hypothetical. 


74 © POPULAR SCIENCE APRIL 1991 


FIRST FAMILY 


The stellar achievement of the collider accelerators at CERN (the European 
Laboratory for Particle Physics) and SLAC (Stanford Linear Accelerator 
Center) has been the determination that there are no more and no less 
than three families of fundamental particles based on measurements of 


raisins in rice pudding. The some- 
things eventually became identified as 
quarks. For their work, Jerome I. 
Friedman, Henry W. Kendall, and 
Richard E. Taylor received last year’s 
Nobel Prize in Physics. The Standard 
Model now holds that the entity that 
carries the strong force acting to bind 
quarks—and therefore all hadrons— 
together is something called the 
gluon, and that gluons may them- 
selves be held together by the strong 
force through the action of “glueballs.” 
Evidence for the gluon was obtained 
in 1979 at the Petra storage ring in 
Hamburg, Germany. 

The part of the Standard Model 
that pertains to quarks, gluons, and 
the strong nuclear force is a gauge 
theory called quantum chromodynam- 
ics, or QCD. The “chromo” part is be- 
cause the theory called for the addi- 
tion of three other characteristics of 
quarks called “colors ” (red, green, and 
blue), which of course have no more 
relation to real colors than “flavors” 
have to taste. Never mind, QCD is 
generally accepted as workable and 
correct and has the great virtue of 
sorting things out and establishing a 
truly elementary matter particle. 


PARTICLES 


SECOND FAMILY 


from left to 


Similarly, another gauge theory 
within the Standard Model accounts 
for both the electromagnetic and the 
weak nuclear forces. In fact, the so- 
called electroweak theory unifies 
them. It resulted from the combined 
efforts of Steven Weinberg, Abdus 
Salam, and Sheldon Glashow; each 
shared the Nobel Prize in Physics in 
1979. Whereas the photon was the 
force carrier of electromagnetism, the 
electroweak theory hypothesized that 
there were three force-carrying parti- 
cles, dubbed intermediate vector 
bosons, for the weak nuclear force. 
They are two charged particles, the W- 
plus and W-minus, and a neutral par- 
ticle, the Z. And unlike the photon, the 
bosons had mass; in fact, they were 
very heavy. The W’s were detected us- 
ing CERN's proton-antiproton collider 
in 1982 by an experimental group 
called UA1, then headed by Rubbia, 
an achievement that brought him a 
Nobel Prize. The Z was detected at 
CERN in 1983. 

Why did it take so long after they 
were predicted to find these particles? 

The answer is that it takes an enor- 
mous amount of energy in a collider to 
create significant quantities of mas- 


THIRD FAMILY 


the Z boson. The three families are arranged in order of increasing mass, 
right. Quarks make up 
are the only partides to have a fractional electric charge. The top quark has 
not yet been found in accelerators because of its very high mass. 


protons, neutrons, and mesons. They 


sive particles—enough to detect and 
study. The mass of the W’s is about 80 
GeV (giga-electron volts), that of the Z 
about 90 GeV. A GeV is a billion elec- 
tron volts. In the microcosmic world of 
particle physics, masses are given in 
terms of energy because the two are 
equivalent. The energy of a single par- 
ticle in an accelerator, however, is 
minute. The energy needed to create 
one proton is one GeV, and that is a 
thousandth of the energy of motion of 
a mosquito in flight. 

The beams of protons and antipro- 
tons in the CERN collider smashed in- 
to each other with energies of about 
300 GeV each, producing about 10,000 
collisions per second. Each collision 
generated, on average, a spray of about 
50 different particles. But because the 
W's and the Z are.so ephemeral, with 
a lifetime of only about 10?* second be- 
fore they decay into other lighter par- 
ticles, they are never actually "seen" 
by a detector. Instead, their character- 
istic signatures are noted—certain 
patterns in the sprays of particles 
spewed out. In the proton-antiproton 
collider, the rate at which they could 
be identified was only one in a million 

[Continued on page 92) 
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BMW 318i 


INFINITI G20 


LEXUS ES 250 


ENTRY- 


LEVEL 
LUXURY 


By JIM McCRAW 


"i ise a 2 ecently the classic sport sedan has been hovering one 
Pr estige nameplates step away from a place on the automotive world's en- 
dangered species list. Increasingly, the European car 
x makers that originally defined the genre—a light- 
and reasonable prices weight, practical transport with a highly tuned four- 

cylinder power plant and àn affordable price—have 
moved their models up the price scale and out of reach 
for many potential buyers. 

The paradigm would be BMW. In the ranks of ambitious 
young professionals, ownership of a 3-Series BMW has become a 
symbol of reaching the first rung on the ladder of success. But 
grade lu xury cars a the end of the 318i and 320i model runs left first-time BMW buy- 

b ers with no choice but the six-cylinder 325 model and a $25,000 
minimum entry price to the marque. Happily, history repeats it- 
3 " self in 1991 with the reintroduction of the 318i designation, this 
practical choice rather time attached to a car with a sweet 16-valve four and a window 
sticker just south of $20,000. 

The importance of a starter car for luxury-class buyers has 

msti now given rise to a number of new models from Europe and 
than an unjustifiable Japan, so the 318i has some capable competition in this resur- 
gent segment. The BMW 318i, Infiniti G20, Lexus ES 250, and 
; Peugeot 405 Mi 16 all are the lower-priced siblings of impressive 
indul gence. prestige sedans and benefit from the rub-off of the family's re- 
finement and good breeding. High credentials of roadworthiness 
are a given in this class, and efficient operation is expected too. 
The quartet of sporting four-door sedans collectively averages 21 
city and 27.8 highway mpg in EPA tests. They all do better than 
that in the real world if you manage a little restraint—no easy 
task considering their capabilities. 

This sampling also provides an interesting mix of nation- 
alities (one each from Germany and France, two from Japan) 
and drive trains (three four-cylinder engines, one V6). Though 
each car is smaller inside and out than the more costly models 
each company sells, it's apparent that buyers in this price range 
won't suffer many indignities either. 

The born-again BMW 318i is based on the familiar 3-Series 
body shell, which will continue in production even after the new- 
ly restyled 325i arrives in the United States this summer. The 
318i is powered by an all-new 1.8-liter engine that is roughly 
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Luxury badges at mid-range prices: (left to right) the revived BMW 318i, the all-new Infiniti G20, Peugeot’s lively 405 Mi 16, the plush Lexus ES 250. 


two-thirds of the 2.5-liter in-line six 
that powers the 525i sedan. The 134- 
horsepower double-overhead-cam- 
shaft engine mates to the superb 
Getrag five-speed, with no automatic 
transmission available. Included in 
the base price of $19,900 are four- 
wheel antilock disc brakes, air condi- 
tioning, a driver’s-side air bag, and a 
four-speaker AM-FM stereo cassette 
system. The car is covered by a 48- 
month/50,000-mile limited warranty. 

BMW no longer has this market 
segment to itself. Among the worthy 
competitors is the Peugeot 405 Mi 16, 
a distinctively French four-door from 
Earth’s second-oldest car company. 
Peugeot has mated a gorgeous Pinin- 
farina body design with a 150-hp 1.9- 
liter DOHC four-valve engine and out- 
fitted it with a high level of standard 
equipment: ABS, a power six-way 
driver's seat, air conditioning, leather 
upholstery, cruise control, infrared re- 
mote central locking, and a six-speak- 
er AM-FM cassette system. The 
$21,700 base price includes a three- 
year membership in Peugeot’s road- 
side assistance plan. 

In the same price neighborhood is 
the ES 250 from Lexus, the luxury di- 
vision of Toyota, with a slightly differ- 
ent approach. The ES 250 is powered 
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by a 2.5-liter 24-valve V6 rated at 156 
hp. True to type, it includes ABS, a 
driver's-side air bag, cruise control, a 
theft-deterrent system, and a six- 
speaker AM-FM cassette system for 
your $22,050. But this lesser Lexus is 
more closely related to the main- 
stream Toyota Camry than the trend- 
setting LS 400 luxury cruiser. 


he newest entry from Japan, by 
T Nissan’s Infiniti arm, is the G20, 

fitted in under the M30 and Q45. 
The oh-so-aerosmooth G20 sports a 
140-hp DOHC 16-valve engine, ABS, 
cruise control, the usual four-speaker 
AM-FM stereo cassette system, and 
more for a startlingly low $17,500 
(add $800 for leather and $900 for a 
power sun roof). 

Infinitis G20 is an all-new car to 
the American market. It's based on 
the Nissan Primera offered in Japan 
and Europe. Wrapped around the 
same alloy 140-hp Nissan engine used 
in the Sentra SE-R, it's notable for in- 
credible smoothness. An eight-coun- 
terweight crankshaft spinning in five 
main bearings and dual-orifice hy- 
draulic engine mounts effectively 
damp engine vibrations, and no coun- 
terbalance system is used. The valve 
train uses unique Y-shaped rocker 


arms, one for each pair of intake or ex- 
haust valves, instead of direct-acting 
cam followers (see box, Double-Duty 
Rocker Arms). 

The G20 body is the best wind-tun- 
nel performer of this quartet (0.29 co- 
efficient of drag) with everything 
tucked in, faired in, or pared down. 
It's a rounded, cab-forward shape with 
a tall roof, a low cowl, and a slightly 
high bustle that holds together well 
visually, but looked a little too much 
like the generic Japanese car to us. 

As for performance, the G20 had 
the field covered in the 0-to-60-mph 
sprint and posted the highest slalom 
speed of the group, signifying an ex- 
cellent combination of horsepower and 
handling in what is also a roomy car, 
considering it has only a 100.4-inch 
wheelbase. The G20 breaks new 
ground in several areas, including 
chassis design. It uses a variation of 
the Nissan 300ZX multi-link front 
suspension, adapted for the first time. 
to accept a front-wheel-drive power 
train. It is a complex but compact sys- 
tem, and it works like magic with the 
conventional strut-and-link rear setup 
to provide a combination of accurate 
steering, wheel control, and ride qual- 
ity. In short, it's tremendous fun to 
drive quickly. 


[ee EE 


Inside, the Infiniti has roomy and 
supportive triple-adjustable seats and 
a sculpted, curvy instrument panel, 
with a stacked-components feel to the 
stereo installation. Everywhere there 
are ovoid shapes, repeating the over- 
all design of the car, and it works to- 
gether beautifully. 

While the ingredients of the BMW 
318i are different for 1991, the shape 
is unmistakable, carrying a close kin- 
ship to the 5- and 7-Series cars from 
Munich, Germany. The all-new engine 
is a delight to look at and a joy to use, 
if your idea of joy is running up 
through the gears to high rpm every 
time. The 1.8 produces 134 hp at 
6,000 rpm, and it needs to be whipped 
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to perform. And even when the 318i is 
pushed hard, the numbers are not im- 
pressive, posting a mid-pack 0-to-60- 
mph time of 9.6 seconds. 

The 318i is a stripper, if you like, 
with a lot of 325i standard equipment 
left out to meet the price target. But it 
never looked or acted like a stripper. 
Vinyl-covered seats, yes, but good- 
quality vinyl put together beautifully. 
Excellent seats are under the vinyl, 
and it has one of the best, easiest-to- 
deal-with instrument panels of any 
car sold. 

On the road, the 318i displayed the 
attributes that have earned it a repu- 
tation for sporting behavior: quick re- 
sponse to steering inputs without 
destabilizing the car, an amazing abil- 
ity to compensate instantly for road 
imperfections of any severity, and con- 
tinuous feedback that lets the driver 
maintain control even in the most tax- 
ing situations. The 318i was the light- 
est of the group by margins of nearly 
100 to 650 pounds, and light weight 
always helps handling, especially 
when the rest of the recipe is so well 
worked out. In short, the affordable 
BMW is back, with a vengeance. 


eugeot’s 405 Mi 16 is a sports 

sedan that looks more the part 

than the BMW, with its aggres- 
sive shape, five-spoke alloy wheels, 
and standoff spoiler. The Peugeot and 
both of the Japanese cars are front- 
drive, unlike the BMW, but Peugeot 
has been building front-drive cars far 
longer than any Japanese company 
and is expert. 

The 1.9-liter Peugeot engine, at 150 
hp, seems more willing to rev freely 
than the BMW and had demonstrably 
more oomph in the 30-to-50-mph and 
50-to-70-mph acceleration trials. The 
Peugeot four makes its peak power at 
a high engine speed, 6,400 rpm, and it 
loves to run up there, though some 
noise and vibration are generated; 
still, it accelerates more quietly than 
the German sedan. 

The Mi 16 is a lot of fun to push 
around, simply because it doesn’t mis- 
behave. It has long travel built into its 
suspension, MacPherson struts up 
front with trailing arms and trans- 
verse torsion bars at the rear, with 
anti-roll bars at both ends like the 
BMW. Into this mix Peugeot builds its 
own patented shock absorbers, which 
have, in effect, one fluid chamber to 
handle high-amplitude movement and 
one for low-amplitude motion. The sus- 
pension, tuned to the Michelin 195/ 
55VR-15 radials, provided the best grip 
in the group, 0.83 g on the skid pad and 
wonderful handling on the road. 

Inside, the Mi 16 is unquestionably 
French, with heated leather seats, a 


Once off the highway and onto 
the back roads, individual 
personalities quickly rise to the 
surface. Top to bottom: The 
Lexus ES 250 delivers a 
comfortable ride, preferring a 
moderate pace. The Peugeot 
405 Mi 16 encourages a spirited 
drive, reveling in the workout. 
The BMW 318i is tidy in every 
maneuver, with excellent balance 
and rear-drive character. Infiniti’s 
620 is surprisingly smooth and 
makes delightful sounds. 
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leather wheel rim and shifter knob, 
and a six-way power driver's seat with 
adjustable side bolsters. The instru- 
mentation is more elaborate than the 
BMW'Ss, and the instrument-panel ar- 
chitecture is more adventurous. A 
longer wheelbase yields more rear- 
seat room, and the standard power 
glass moon roof adds to the feeling of 
spaciousness when the cover is peeled 
back. The one mark against the interi- 
or was a set of squeaks and rattles 
that came free with the car at only 
3,500 miles on the odometer. 

In addition to the Mi 16's physical 
attributes, its performance, and its 
strong warranty, there is one other 
major attraction for us, and that's ex- 
clusivity. Peugeot only sells about 
6,000 cars a year in the United States 
through 200 dealers. So the man or 
woman who buys an Mi 16 isn't going 
to be seeing lots of others on the road. 

The Lexus ES 250 may be the 
archetypal entry-level luxury car: 
$16,000 more affordable than the 
flagship LS 400, yet well outfitted and 
bearing the now-formidable Lexus 
reputation. Overshadowed by its 
headline-grabbing big brother, the ES 

[Continued on page 96] 


In developing the SR20DE engine for 
the Infiniti G20, Nissan engineers ran 
into an old problem—lack of space. To 
design a compact combustion chamber 
with a narrow angle between the intake 
and exhaust valves, they elected to use 
rocker arms, rather than direct-acting 
cam followers, to open the valves. But 
the hydraulic lash adjuster at the 
outboard end of each rocker arm now fell 
in the path of the ideal port, so they 
pressed components into double duty: À 
Y-shaped rocker arm opens each pair of 
intake or exhaust valves. This enables 
the lash adjusters to be snuggled out of 
the way, between the ports, and helps 
improve both power output and fuel 
economy.—Norman S. Mayersohn 
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"Labor costs reflect manufacturers flat-rate fime allowance multiplied by typical dealership lobor rates per hour. 
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WHY BUY A NEW CAR? 


A new car is one of life’s biggest 
investments. Why not put off such a 
big expense as long as possible and 
at the same time, spend less to run 
the car you now own? The money 
you save is money in your pocket. 
Tens of thousands of drivers are 
already using Tufoil to “beat the 
system”. Here's how it's done ... it’s 
simple! 

ENGINES LAST & LAST 

The normal life of an engine is usu- 
ally about 100,000 miles, give or take 
a few miles either way. This is no 
longer the case. By adding 4 ounces 
of Tufoil with each oil change, 
together with an effective mainten- 
ance program, 200,000 miles and 
more are not uncommon. But that's 
not all! 

Together with this extended engine 
life are numerous benefits. For in- 
stance, quick acceleration. One user 
writes that his car “Takes off like a 
scared rabbit!” 


SILKY SMOOTH OPERATION 


That's just the beginning! Easy starts 
and better gas mileage are soon 
apparent due to the reduction in fric- 
tion. Your engine is now free to run 
smoooothly. 


New cars are expensive ... so is gas! 
Tufoil? be your key to survival! 


Mor 


© Pending 


One of our customers put it nicely 
when he said, “You can hear it, you 
can feel it," with Tufoil in the engine. 
PROVEN EFFECTIVE 

Our files bulge with testimonials. 
Customers not only call, but write to 
us about their fantastic results! 
They're telling friends and relatives. 
As a matter of fact they're spreading 


“TUFOIL® 
SLIPPERIER 
THAN 
TEFLON* ” 


the news about Tufoil all over the 
world. 


It stands to reason, though. Tufoil is 
so unique that even the United 
States and Canadian governments 
have confirmed it's effectiveness. 
One report shows that Tufoil is ac- 
tually slipperier than Teflon"! 

NO TIME LIKE THE PRESENT 


There's never been a better time to 
try Tufoil and prove to yourself and 
your car that what everyone's been 
saying is really true! We think you'll 
find it's one of the smartest decisions 
you've made. In fact we're so sure, 
we guarantee it'll work. If you don't 
agree, we'll gladly refund your 
$14.25, the cost of your initial 8 
ounce treatment. 

So why wait any longer? The sooner 
you start, the better! If your car has 
over 5-10,000 miles on it, now's the 
time to start! Use the order form 
below to baby your car (and your 
checkbook). You'll be glad you did! 


ORDER TODAY 
1-800-922-0075 a 


The Alternative to expensive driving! 


FREE .. Products based on TUFOIL technology. Check J pag — ^ ^  — — — —— 
one with each order of 2 bottles or a quart. Check 2 for each I 
gallon order. Values range from $3.98 to $9.95. 

[| O TUFOIL Gun-Coat — Super rust inhibited, smooth action 
D) TUFOIL Compu-Lube — Low viscosity for computer | 


rush my TUFOIL order: 


| O ONE& oz bottle... treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


F Fluoramics, Inc. | 
18 Industrial Avenue 
Mahwah, NJ 07430 


My check or money order for $ is enclosed. 


C ONE GALLON...treat 16 cars for — Ciy 
$125.00 (plus $6.00 shipping and 


mechanisms Charge my credit card: 

I O TUFOIL Lightning Grease — Easily sheared grease tor! guarantes: D Am. Express (Master Card O Visa 
instruments | c1wosoz.botties...treattwocars — Card No. 

| a TUFOIL Lubit-8 — General purpose, household use | for $25.00 (plus $4.00 shipping 

| — lubricant I and handling) SAVE $6.00 Ex Dale 

I FREE brochures... Phone No. 

C] 30 Questions/Answers about TUFOIL | ONE Quart bottle . . . treat 4 cars 
I l for $34.95 (plus $4.00 shipping Name 
I I and handling) Address 


whet CS 
AR MECHAN! State Zip 


E : 
| eee ear handling.) 


$ is rer of Fluoramics. tit Low 
ULM etit e absolutely We ship within days! cir M e 
[gs Pateni No 3993658 spectaculo, | — woney BACK GUARANTEE ON 802. Canadian Distributor: 1-800-363-7753 
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Other U'S Patents issued and pending 


As drought and irrigation take their toll, en- 
gineers are devising new methods for desalt- 
ing seawater and agricultural runoff. 


SALT WATER 


o matter 
what politi- 
cians may 
say, oil is not 
the most pre- 
cious liquid 
under the 
sands of Sau- 
di Arabia; there are, after all, 
billions of barrels of petroleum 
underground. Fresh water 
there, however, is truly scarce 
and half again as costly as 
gasoline. That much is clear to 
U.S. military commanders 
scrambling to provide hun- 
dreds of thousands of sweating 
soldiers with as much as 18 gal- 
lons of water apiece every day. 
The Pentagon quenches its 
thirst partly by buying bottled 
water, partly by running 
pipelines out of major Arab 
cities, and partly by turning to 
a small Milwaukee company 
called Aqua-Chem Inc. 

Long a Navy supplier of ship- 
borne desalination systems, 
Aqua-Chem designed a 20-foot 
desalination truck that can be 
flown or driven to the most re- 
mote desert outpost. Every hour, the pumping and filtering 
machine can produce a 3,000-gallon stream of drinkable 
water from stagnant, brackish pools in the desert. 

Despite its considerable need for water, the U.S. military 
is separating salt from water on a scale that is relatively 
puny by international standards. Desalination technology, 
once the exclusive province of American engineers, is now 
advancing on an impressive scale around the world. A 1988 
report from the Congressional Office of Technology Assess- 
ment estimated that 3,500 desalination plants—located in 
105 countries—produce three billion gallons of water daily. 
Saudi Arabia alone has 800 plants, including the Japanese- 
built plant at Jubail, which produces 250 million gallons of 
fresh water daily—the flow of a good-size river. Because 
millions of Saudis depend on desalination plants for most 
of their fresh water, oil spills like the recent one in the Per- 
sian Gulf are potentially catastrophic. 
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DRAWINGS BY JANA BRENNING 


ON TAP 


By MARK D. UEHLING 


Worldwide, the need for de- 
salination facilities is expand- 
ing by as much as 15 percent 
annually. Dozens of islands in 
the Caribbean Sea and Pacif- 
ic Ocean are building plants 
to support citizens and tour- 
ists. Florida has more than 
100 plants, supplying about 
50 million gallons of desali- 
nated water daily. California, 
too, may desalt coastal and 
even drainage waters to satis- 
fy its cities. 

The most ambitious effort in 
the United States is located in 
the white-hot desert just north 
of the Mexican border. In 
Yuma, Ariz., at a nondescript 
compound of warehouses and 
holding tanks, engineers from 
the U.S. Bureau of Reclama- 
tion are attempting desalina- 
tion of proportions unmatched 
anywhere in this country. By 
the end of next year, they hope 
to begin siphoning 100 million 
gallons of salty water from the 
Colorado River and nearby ir- 
rigated fields each day, pump- 
ing out 73 millioa gallons of 
fresh water that will flow to Mexico under a 1973 treaty 
negotiated by President Nixon. 

Mexican farmers have long protested federally subsidized 
American farming operations that render much of the snow 
melt from the Rocky Mountains unfit for agriculture or hu- 
man consumption by the time it reaches Mexico. As the wa- 
ter is repeatedly flushed through the soil by irrigation sys- 
tems and as it evaporates behind dams, small amounts of 
natural minerals can accumulate in plant-killing concentra- 
tions. The Yuma facility, which will benefit influential Ari- 
zona farmers, was commissioned for complicated political 
reasons, but its operation was supposed to be technological- 
ly simple. That has turned out not to be true. 

Still being tested, the facility will be more than 10 years 
late when it comes to full capacity. It is the largest in the 
world to rely on a process called reverse osmosis, in which 
water is pumped at hundreds of pounds of pressure per 


square inch through a series of membranes. Like the elas- 
tic boundary of a cell, these porous sheets allow most of the 
water molecules to slip through, but repel electrically 
charged minerals collectively known as salts. (These in- 
clude sodium chloride, or table salt; sodium bicarbonate, or 
baking soda; and calcium sulfate, or gypsum.) After pass- 
ing through the membranes, the water is 10 times purer 
than when it entered the Yuma plant; it has less than one 
percent of the salinity of seawater. 


efore it is pumped through the membranes, the wa- 
ter must first be treated with chlorine to kill algae 
and microorganisms that may feed on the mem- 
branes. Then the water is stirred and strained in holding 
tanks, where sand and sediment settle out. Later, in a se- 
ries of reactions, the water is dosed with silo-size loads of 
lime and ferric sulfate to ensure that suspended minerals, 
such as calcium, do not interfere with the membranes. 

At the time the Yuma facility was designed, the membranes 
available consisted of cellulose acetate on a cloth backing. 
The acetate is derived from wood pulp, offering a convenient 
food source for microoi i in the water; it is, by indus- 
try standards, a fairly delicate material. One reason the 
plant is behind schedule is that the first batch of membranes 
disintegrated upon exposure to chemicals in the water. 

Since the plant was designed, a new generation of mem- 
branes has been developed. Mark Wils, manager of techni- 
cal support for Hydranautics, a Japanese-owned mem- 
brane company in San Diego, says membranes made of 
polyamide plastic are replacing cellulose acetate. He claims 
polyamide membranes are invulnerable to biological 
threats, although they are sensitive to chlorine, a common 
water additive. Polyamide membranes also function at half 
the water pressure required by cellulose membranes, al- 
lowing for far lower energy expenditures. "[Polyamide] is 
the future in membranes," says Shawn Kopko, water pro- 
duction superintendent in Cape Coral, Fla., home of the 
largest reverse-osmosis plant now operating in America. 
Kopko says polyamide membranes, which help the plant 
purify 14 million gallons daily, are easier to clean and ex- 
tract more salt. “Cellulose acetate is finished," he contends. 

Because the Yuma facility won't initially use the more ef- 


POWIR 


ficient polyamide membranes, it will consume massive 
amounts of electrical energy—enough for a town of 40,000 
people. “You have to put a great deal of energy into the wa- 
ter in order to separate it from the salt,” says Jan van 
Schilfgaarde, a soil scientist and agricultural engineer at 
the U.S. Department of Agriculture who disputed the need 
for the Yuma plant when he was supervising a search for 
cheaper alternatives. “In an era when we're running out of 
energy, it's not even sane to think about these programs. 
Better management of the irrigation would have accom- 
plished almost as much as we could with the desalting 
plant at a far lower cost." 

As critics of the Yuma plant point out, most of the world 
does not purify agricultural runoff. In the Middle East, the 
preferred desalination method is to vaporize or boil seawa- 
ter repeatedly, distilling fresh water and leaving behind a 
residue of salt. Often called multi-stage flash, this ap- 
proach requires vast amounts of heat. Distilling plants re- 
cycle some of the steam to minimize their energy needs, but 
in the oil-rich Middle East this is not always a paramount 
concern. Arab interest in reverse osmosis is growing, but 
because seawater is 30 times saltier than agricultural run- 
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off, more sophisticated and durable 
membranes are required. And distilla- 
tion facilities are considered more reli- 
able than reverse-osmosis plants. 


ependability is a crucial concern 
no matter what the design. A 
desalination plant is as compli- 
cated as a nuclear reactor, with a failed 
pump or blocked valve in one part of 
the assembly having dire conse- 
quences further down the line. Edward 
Fredkin, a former Massachusetts In- 
stitute of Technology professor who 
specializes in artificial intelligence, 
learned how temperamental desalina- 
tion units can be when he retreated to 
his personal island in the Caribbean 
and discovered his own system had 
failed. In 1985, he founded Reliable 
Water Co. of Billerica, Mass., to con- 
struct desalination systems intended 
to run as efficiently and automatically 
as possible. The company already has 
built five plants in island settings. 
Starting with an off-the-shelf com- 
puter system designed to mimic hu- 
man expertise, Fredkin drafted his 
own program to control a desalination 
plant from top to bottom. The compa- 
ny’s software incorporates the wisdom 
of engineers with a decade of experience in desalination. 
“The entire plant is controlled by REX, our reliable expert 
system,” says Roger Banks, Reliable’s vice president for 
software development. “We run [the plant] unattended on 
weekends, at night, and through most of the day.” 
Reliable’s software is programmed to respond to mal- 
functions in a safe and predictable manner. The program 
can restart itself and even call a human operator if nothing 
in its memory seems to work. “We thought the elimination 
of the operator would be the big advantage,” says Banks. 
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MANUFACTURING 

FRESH WATER 

A $265 million desalination plant 
located in Yuma, Ariz., (left) is the 
largest in the United States. Ex- 


water is treated with chemicals, 
Sand and sediment settle out in 


huge holding tanks, where the 
water is stirred and strained. 


“But it turns out that eliminating operator error is an even 
bigger advantage. The computer doesn’t forget or make 
mistakes of the same type that people make. A human is 
going to get awful tired of looking at the same pressure 
gauge for days on end.” 

Besides hydraulic mishaps, desalination plants in much 
of the world are plagued with exorbitant energy bills. Some 
scientists hope to minimize the cost of desalination by ex- 
ploiting the temperature differences between different lay- 
ers of the sea. Ocean thermal energy conversion, or OTEC, 
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is essentially distillation with a solar twist (“Tapping 
Ocean Thermal Power,” Nov. ’87]. The system begins with 
warm water from the surface of the ocean. Upon being 
sprayed into a vacuum chamber, the water turns to steam. 
The steam can be used to spin conventional electrical tur- 
bines; some of the energy generated by the turbines is used 
to pump air out of the vacuum chamber. Finally, the steam 
is piped through frigid ocean water from depths as great as 
2,000 feet. This condenses the steam and distills the water. 

OTEC desalination requires layers of water with temper- 
atures differing by about 40 degrees F. That may limit the 
technology to tropical latitudes. The idea was first tested 
several decades ago in Cuba by a French engineer and has 
since been explored in Indonesia and Japan, which have ac- 
cess to both balmy and chilly ocean currents. In the United 
States, the most promising waters are Hawaii’s, where a 
small test facility in Keahole Point has successfully pro- 
duced energy and more than five gallons of desalinated wa- 
ter every minute. “This was a demonstration, and there 
wasn't a lot of water being generated by it,” says Tom 
Rabas, a staff engineer at Argonne National Laboratories 
in Argonne, Ill. Argonne and the Solar Energy Research In- 
stitute (SERI) of Golden, Colo., ran the experiment. 

Rabas says the Argonne/SERI team proved the technolo- 
gy could be practical and economical for existing electrical 
plants that already have a source of hot water and would 
need only to tap colder reserves elsewhere. OTEC could the- 
oretically work in a large ship in tropical waters. Indeed, at 
least one Maryland consultant is proposing tanker-borne 
OTEC plants that would distill seawater in the Gulf of Cali- 
fornia and carry fresh water to major cities like Los Ange- 
les. Part of the new appeal of OTEC lies in two recent dis- 
coveries: contrary to traditional wisdom, new aluminum 
alloys have suitable heat-conducting properties and can re- 
place the extremely expensive titanium used in early sys- 
tems. And by adding tiny amounts of chlorine to the warm 
water, researchers can kill marine life that once threatened 
to corrode the OTEC system's metal pipes over the years. 


he success of the Hawaiian project has inspired a local 

think tank that participated in the research to dream 

in even bigger terms. “Here in Hawaii, with three 
forty-megawatt OTEC plants, we could supply all of the wa- 
ter that Oahu will need and about thirty percent of its elec- 
tricity,” says Andrew R. Trenka, the director of the Energy 
and Resources Division of the Pacific International Center 
for High Technology Research, which is planning to build a 
demonstration plant next year. Trenka says the cost of the 
System is comparable with oil-based power generation and 
desalination whenever oil is above $30 per barrel and that 
the cold water from the ocean depths could be used in the 
air-conditioning systems of resort hotels or in aquaculture. 
"You can grow abalone, lobster, salmon, nori—all kinds of 
crustaceans and edible seafood," he says. "The water is nu- 
trient-rich; it allows the marine life to grow rapidly." 

The most pressing need in much of the world, however, is 
simply for a clear, sweet glass of water. In populous Califor- 
nia, with much of the state in drought, desalination plants 
are in the conceptual stages in Los Angeles, Santa Bar- 
bara, San Diego, Monterey, and Marin County, among oth- 
er places. “It’s not so easy to move water from north to 
south or from east to west," says Victor Van der Masd, a 
San Francisco project manager for Bechtel Corp., the giant 
engineering and construction company. Van der Masd, who 
oversaw the construction of a Saudi Arabian desalination 
plant now producing 15 million gallons daily, says Bechtel 
is bidding for contracts in California. "Alternatives are ba- 
sically disappearing because of cost, environmental, and 
political concerns," he says. "There are not too many op- 
tions if you want new sources of water." 


PLANTS WITH A TASTE FOR SALT 


Thousands of years ago, the 
civilization in Mesopotamia— 
now lraq—perished when its 
well-irrigated fields along the 
Tigris and Euphrates rivers 
became laced with a white 
crust of salt. As water evapo- 
rated from the irrigated fields, 
it left behind infinitesimal 
amounts of salt that built up 
over the years. Now the same 
residues are killing amply wa- 
tered fields near the Aral Sea 
in the Soviet Union and the 
Aswan Dam in Egypt. Around 
the world, according to the 
U.S. Department of Agricul- 
ture, 50 million acres of land 
have low productivity be- 
cause of salt. Salinity has 
even begun to affect crop 
yields in central California, 
knocking 45,000 acres, or 71 
square miles, out of production. Some experts warn that 10 
times as much land could ultimately be rendered sterile. “This is 
not a California problem; it is a national problem,” says Claude 
J. Phéné, the research leader in the USDA's Water Manage- 
ment Laboratory in Fresno, Calif. “Some of the agriculture may 
move to Mexico.” 

Fortunately, there are natural plants that tolerate salt, which 
is not surprising when one considers how scarce fresh water 
really is: 97 percent of the world’s water supply is salty; most 
of the remainder is locked in polar icecaps and cloud forma- 
tions. Now selective breeding and genetic engineering are en- 
hancing nature's legacy of halophytes—crops, grazing matter, 
and fuel sources that can survive in salt-contaminated soil. In 
Idaho, for example, Charles W. Robbins, a USDA soil scientist, 
has discovered that Sordan, a patented hybrid of sorghum and 
Sudan grasses from Africa, actually repairs certain types of 
sodium-rich soil found throughout the world. Its roots secrete 
an acid that dissolves soil salts, which allows water to pene- 
trate bricklike ground again and permits plants to take hold. A 
few Oregon ranchers have used the hybrid to repair marginal 
soils, says Robbins, “and within three years, they were grow- 
ing alfalfa.” 

Jon R. Weeks of the Environmental Research Laboratory at the 
University of Arizona has an even more audacious plan, The bi- 
ologist recently began irrigating with salt water. His annual crop: 
crossbred strains of Salicornia—a hardy succulent halophyte 
found in arid lands throughout the world (see photo). For more 
than a decade, Weeks has been experimenting with the foot-tall 
plant to find strains with a higher proportion of their weight allot- 
ted to seed, which could be a profitable source of oil. “Most of the 
world cooks its one daily meal by frying it in oil,” he explains. 
“Cooking oil is always in short supply.” Salicornia is also promis- 
ing as a fuel. The stalk of the oilseed plant burns as well as fire- 
wood; Weeks says one “log” made of the plant, newspaper, and 
water will burn for three hours in his stove at home. He even be- 
lieves the plant could strengthen bricks made from mud or ce- 
ment, just as straw reinforces adobe. 

At the U.S. Salinity Laboratory in Riverside, Calif., research 
leader Michael Shannon is breeding tomatoes—an especially in- 
teresting species, he says, because wild tomato strains are often 
halophytes, while cultivated commercial varieties are glycophyt- 
ic, or vulnerable to salt. “There are few species that have both 
mechanisms,” Shannon notes. The first halophytic tomatoes 
from his experimental garden were too small, too orange, and 
too bitter to eat—other staff members found them repellent. Now 
Shannon's tomatoes have been crossed with commercial vari- 
eties, and unneeded samples of the new strains occasionally find 
their way into experimental dinner salads. He estimates that a 
highly salt-tolerant variety might be commercially available in five 
years.—M. D. U. 
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Seawater-irigated oilseed plant 
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Ultra-stable boats 
with SWATH hulls 
are ideally suited to 
rough seas—but 
they're slow. The in- 
ventor has now come 
up with a 17-foot 
_ planing version that’s 


plenty quick. 


AMAZING HE 
SWATH BONT NEN 
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n a blue, breezy 
day a few miles 
offshore of San 
Diego, one-foot 
swells underlie a 
three-foot chop in 
a random sea. 
The man in the 
Hawaiian shirt shuts down his boat's 
motor without bothering to toss out 
an anchor. He's concentrating instead 
on unpacking a picnic lunch. Sand- 
wiches and a pair of beers appear, 
while the boat does what it pleases in 
the lively water. Does this sound like 
a recipe for seasickness? 

People in nearby V-hulled boats 
pause only long enough to fish for a 
minute before they weary of ceaseless- 
ly bobbing up and down. They are the 
unlucky ones. After 20 minutes or so 
spent in pleasant conversational re- 
past, it becomes clear that Dr. Thomas 
Lang’s truly different-looking 17-foot 
boat does just what he says it will: re- 
main remarkably stable where other 
craft can’t. He calls it a Tomcat, short- 
hand for Tom’s catamaran. 

“Let’s get her up on the planes,” 
urges the hydrodynamicist, firing up 
the 125-horsepower outboard and 
gently easing open the throttle. As 
the SWATH (small waterplane-area 
twin hull) boat picks up speed, sharp- 


edged chines forming the edges of the 
catamaran’s semi-submerged pon- 
toons begin to surface at the bow, 
trailing a white foamy wake. At 15 or 
16 mph, the water has separated 
away from the chines’ entire length, 
and the boat planes on the shallow V- 
angled bottoms of the twin pontoons. 
A third, above-water center hull 
helps cut through waves, and gen- 
erates a bit of aerodynamic lift to 
soften the bumps. Zipping into near- 
by Mission Bay at about 37 mph, the 
boat takes the smaller chop in stride, 
riding like a stiffly sprung sports car 
on a back road. 

The Tomcat has an endearing char- 
acteristic as it accelerates up onto its 
planes. “You don't really know it's 
planing unless you look at the pon- 
toons because the pitch hardly 
changes at all,” Lang observes. “Most 
boats have what they call a hump 
drag—they climb up to a large angle 
and then finally settle down and 
plane. But a planing SWATH boat can 
go pretty efficiently at any speed, and 
you can always see over the bow." Al- 
most everyone perched along the 
docks wants to know what kind of 
boat this is as the slowing Tomcat 
pulls up with its pontoons slipping be- 
neath the surface like a pair of diving 
submarines. 


Dr. Thomas Lang (left) 
believes in wild shirts 
and tame boats. Up on 
its planes (above), his 
planing SWATH design 
has a small wetted 
area for low drag. The 
airborne center hull 
helps conquer waves. 
Sharply angled chines 
(right) on the semi- 
submerged V-bot- 
tomed pontoons help 
the boat to plane. 


Lang is a distinguished in- 
ventor with many awards for 
his achievements in hydro- 
dynamics and mechanical 
engineering. He founded and 
directed a brainstorming 
group called the Advanced 
Concepts Division at the U.S. 
Navy’s Ocean Systems Cen- 
ter in San Diego, where he 
worked from 1951 to 1978. It 
was during those years that 
he invented the SWATH ship 
design [“Semi-Submerged 
Platform,” Dec. ’75; “Don’t 
Rock the Boat," Feb. '89], 
which derives its exceptional 
stability from widely spaced 
torpedo-shaped submerged 
pontoons connected to a cata- 
maran hull through thin ver- 
tical struts. He originated 
the first of a number of high- 
ly successful SWATH ships 
now in operation, the 88-foot 
Navy workboat SSP Kaima- 
lino, launched in 1973. 

A SWATH boat's underwa- 
ter pontoons provide the 
ship’s buoyancy while re- 
maining largely unaffected 
by wind and waves. The sup- 
porting struts help by pre- 
senting a minimal area to 
the water’s turbulent sur- 
face. Together, these fea- 
tures keep vertical accelera- 
tions—the up-and-down 
motion that provokes sea- 
sickness—at less than one- 
tenth the force of gravity, the 
maximum level for comfort. 
Typical V-hulled boats have 
$ accelerations many times 


"After I retired from the 
Center," he recalls, “I started 
thinking of ways to make 
SWATH useful for a smaller, 
faster boat. I patented the Tomcat- 
type hull design in 1989. It's really a 
hybrid that's in between a SWATH 
boat and a regular catamaran. It's a 
planing SWATH." Lang is offering 
manufacturing licenses to boat 
builders through his company, Semi- 
Submerged Ship Corp. in Solana 
Beach, Calif. 

The Tomcat may look a bit odd, but 
so do a lot of genuinely new ideas. One 
ride in the 2,000-pound plywood-and- 
fiberglass prototype proves it to be a 
deft compromise design that delivers 
unparalleled stability at rest and trol- 
ling speeds, with smooth cruising at 
much higher speeds. The 125-hp mo- 
tor, Lang says, has powered the hand- 
built craft to 40.5 mph. It's designed 
to be towed on a trailer and fit in the 
average-size garage. 
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COMING FOR CARS: 


car parked in the 
Arizona sun can 
become a small 
furnace as interi- 
or temperatures 
approach the 
melting point of 
plastics and ul- 
traviolet rays break down the 
chemical bonds in vinyl upholste- 
ry, eventually turning it to dust. 
Blame this decay on the design 
trend that dictates the use of 
steeply raked glass to improve a 
vehicle’s aerodynamics and in the 
process sets a trap for the sun’s 
energy. With each new model 
release, it seems, our cars move a 
step closer to becoming automo- 
tive greenhouses. 

Aside from discomfort for the 
passengers, the load imposed by 
solar heating means an addition- 
al burden on a car's air condition- 
ing system and a corresponding 
loss in fuel economy. And today, 
automobile manufacturers are 
faced with more-stringent fuel- 
consumption regulations, and the 
efficiency of air conditioning units 
is about to be reduced by the 
elimination of ozone-depleting re- 
frigerants. In searching for ways 
to reduce the heating of the pas- 
senger compartment by sunlight, 
engineers are focusing attention 
on the glass areas and devising 
high-tech solutions. 

In the past, the simplest fix has 
been applying sun-screening tints 
to automotive glass. More recent- 
ly, the development of thin, trans- 
parent metallic films that reflect 
ultraviolet and infrared radiation 
when sandwiched between layers 
of window glass has shown prom- 
ise. Ultimately, researchers hope to turn windshields and 
side windows into selective filters that transmit only the 
necessary quality and quantity of light. 

Federal law requires that automotive windshields 
transmit a minimum of 70 percent of the visible spec- 
trum. The energy of the sunlight that strikes a wind- 
shield breaks down this way: 44 percent visible light, 
three percent radiation in the ultraviolet range, and 53 
percent infrared radiation, or heat. Because more than 
half of the solar spectrum is in the invisible range, the 
federal standard can be met by a surprisingly small 
amount of the total sunlight. 


GLASS 


Windows that filter 
the sun's rays are 
making life more 


bearable for drivers. 
By DAN McCOSH 


Electrochromic glass darkens when a current passed into 
the electrolyte through the copper grid a chemi- 
Gel recen in ths ova pepe eae Min keyok, 


The trick to building an ideal 
car window is to find ways to 
block the unwanted portion of the 
spectrum, particularly the in- 
frared range. Some studies indi- 
cate that by eliminating infrared 
and retaining the legal minimum 
of visible light, air conditioners 
could be reduced in size by 50 
percent or more and still ade- 
quately cool the car. Cutting the 
transmission of ultraviolet radia- 
tion from sunlight would pay off 
in other ways, slowing down the 
fading of upholstery materials 
and lengthening the life span of 
interior plastics. 

Some forms of sun-blocking 
glass are already in use. The EZ- 
Kool solar control glass intro- 
duced by Libbey-Owens-Ford Co. 
in Toledo, Ohio, for the 1990 
Chevrolet Corvette ZR-1 is 
claimed to cut ultraviolet trans- 
mission by up to 45 percent. Gen- 
eral Motors’ long-nosed APV 
minivans (Chevrolet Lumina, 
Pontiac TranSport, and Oldsmo- 
bile Silhouette) have one of the 
largest windscreens in produc- 
tion and are tailor-made for some 
kind of solar control. The Sun- 
gate glass developed by Pitts- 
burgh Plate Glass (PPG) for the 
APVs consists of a multilayered 
stack of thin films, alternating 
silver metallic layers and layers 
of oxides of zinc, copper, and tita- 
nium. The multilayered stack re- 
flects about 60 percent of the in- 
frared spectrum away from the 
car’s interior. 

Layering metallic films is rela- 
tively expensive, however, partic- 
ularly compared with the stan- 
dard tinting achieved by adding 
iron oxide to the glass itself. Newer formulas for tinted 
glass increase the content of specific iron oxides, which 
are refined to improve their heat-absorbing capabilities. 
But absorbing heat in the glass itself is less effective than 
reflecting it because much of the absorbed heat eventually 
is re-transmitted to the car’s interior. 

The ultimate window, however, isn’t just a filter. It 
should work more like a human eye, blocking light in the 
heat of the day and allowing more light in when it’s dark. 
A bionic car window seems farfetched, but work is well 
under way on just such an approach. 

In a research lab at Ford’s glass division in Dearborn, 
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SEVERAL WAYS TO BEAT THE HEAT 


6% REFLECTED 


39% ABSORBED 
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STANDARD WINDSHIELD 


A standard tinted windshield transmits 
about 55 percent of the solar radiation that 
hits it; about six percent is reflected, and 
39 percent is absorbed. A large portion of 
the light that passes through is in the in- 
frared portion of the spectrum, which can 


ABSORPTION GLASS 
Heat-absorbing glass can soak up 52 
percent of the total solar energy, while still 
reflecting about five percent and transmit- 
ting about 42 percent to the car's interior. 


It's an effective way to improve air condi- 
tioning efficiency, but transmits more heat 


31% REFLECTED 


30% ABSORBED. 


za 


REFLECTIVE GLASS 


Reflective glass, which contains a thin, 
transparent metallic layer, can reflect about 
31 percent of the solar spectrum. Another 
30 percent of the solar energy will be ab- 
sorbed by the windshield with the remain- 
der passing through as ultraviolet and in- 


dramatically heat the car's interior. than reflective glass. frared light. —D. M. 


J 


Mich., I watched as a lab technician flipped a switch and 
a sandwich of glass and chemicals slowly changed from 
colorless and clear to almost black. A second flip of the 
switch, which reversed the current applied to an elec- 
trolyte layer in the window glass, brought the pane back 
to its original state of transparency. The chameleonlike 
effect was a demonstration of electrochromics—a group 
of chemicals that can be induced to change color when 
an electric current is applied. The phenomenon was a 
laboratory curiosity when first noted in the 1920s, but 
interest in electrochromics surged with the discovery in 
the mid-1960s that a transparent tungsten trioxide film 
changed color quickly when an electric current was ap- 
plied to it. 

The principle is something like a battery working in re- 
verse. Current conducted through the electrolyte prompts 
a chemical reaction by carrying ions through the solution 
or, in the case of solid films, by moving ions through the 
film. The process is reversed when the current is reversed. 
Most-electrochromic reactions are stable once the change 
has taken place, meaning they remain in the colored state 
even after the current is switched off. And the higher the 
voltage is, the darker the color. These attributes seemed to 
promise a way of electrically controlling the transmission 
of light through glass. . 

But early laboratory demonstrations failed to produce a 
viable consumer product. “Electrochromics have been a 
real tease. They're easy enough to demonstrate in a labo- 
ratory, but it's a lot different developing a consumer prod- 
uct," says Harlan Byker, director of electrochemical tech- 
nology at Gentex Corp. in Zeeland, Mich., a pioneer in the 
field. One of the difficulties was retaining the mechanical 
bond between the various layers of thin films needed to 
make the electrochromic sandwich. As it turned out, it 
was nearly 25 years later when the first practical applica- 


A PERFECT WINDSHIELD 


WAVELENGTH 


SOLAR SPECTRUM 


WAVELENGTH 


IDEAL WINDOW 


Most of the solar energy falling on a car's windshield is beyond 
the visible portion of the spectrum. Ultraviolet and infrared radia- 
tion enters the passenger compartment and creates problems by 
decaying plastics and elevating temperatures (above, left). The 
ideal glass formulation (right) would either reflect or absorb all the 
invisible portions of the spectrum, transmitting only the energy in 
the visible range. This would provide maximum visibility for the 
driver with minimal solar heat and would ease the burden on the 
air conditioner.—D. M. 
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tion emerged in the form of a rear-view mirror for the 
1988 Lincoln Continental. 

That small scrap of glass, developed by Gentex, repre- 
sented an entirely new way to cut the glare of headlights 
in the driver’s eyes. The amount of electrical current ap- 
plied to the electrolyte, and thus the amount of darken- 
ing, is controlled by a photocell and electronic power sup- 
ply. In its latest version, the mirror’s control circuit has 
been adapted to turn the car’s headlights on and off as 
conditions dictate. 

In many ways, the electrochromic mirror is a model for 
the smart window of the future. Reacting automatically to 
changes in ambient light conditions, a window made with 
this technology can shift from 80 percent light transmis- 
sion to as little as six percent. The principal advantage to 
the driver is the mirror's ability to stop darkening at an in- 
termediate stage—unlike conventional day-night mirrors 
that shift abruptly from light to dark. 

Two problems of electrochromics—sensitivity to ultravi- 
olet light and operation in bright daylight—appear to 
have been solved with the latest development from Gen- 
tex, a new outside mirror that will appear on several GM 
and Ford products in 1992. The next major application of 
this technology will likely be applied to a sun roof, where 
federal light-transmission standards don’t apply. Such a 

[Continued on page 100) 


At the flip of a switch, a variable-tint roof on the q 
RR IRR RUM EE 
with a fully transparent roof panel (above). 
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The cosmic connection (continued from page 75) 


collisions for the W’s and one in a bil- 
lion for the Z's. 

To improve this paltry rate, physi- 
cists at CERN and Stanford designed 
a new breed of high-energy accelera- 
tors—electron-positron colliders— 
expressly as “Z factories.” The LEP 
was built at CERN, and the Stanford 
Linear Collider, or SLC, was built at 
SLAC under Burton Richter's direction. 

By this time, trillions of Z's had 
been made and measured, with by far 
the greater number generated at LEP. 
The detectors have been able to calcu- 
late the decay 
time and the 
mass of the Z 
with great preci- 
sion. The Z's 
mass is 91.161 
plus or minus 
0.031 GeV. For 
technical reasons 
stemming from 
the allowed de- 
cay modes for 
the Z and related 
to Heisenberg's 
uncertainty prin- 
ciple, this combi- 
nation of decay 
time and mass 
inexorably leads 
to the conclusion 
that there are no 
more than the 
three neutrinos 
already known 
about, and, by ex- 
tension, no more 
than three fami- 
lies of elemen- 
tary particles. 

"LEP has fixed 
once and for all 
beyond any ar- 
gument how 
many families or 
generations of 
conventional 
matter particles 
there are," ex- 
plains CERN's leader of Theory 
Division John Ellis. ^There are only 
three—nor more, no less." 

That finding, Ellis says, is helping 
to refine the Standard Model because 
it was predicted by some grand uni- 
fication theories that attempted to uni- 
fy the strong nuclear and the electro- 
weak forces. But the most dramatic 
impact of the experimental result is 
on cosmology because it confirms an 
important aspect of the Big Bang theory. 

The overwhelming majority of as- 
trophysicists and cosmologists believe 
that the universe as we know it was 
born in a single primordial super- 
dense, superhot fireball between 
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10 billion and 20 billion years ago— 
the time when time began—and that 
in such a domain, the behavior of mat- 
ter and energy was governed by the 
rules of elementary particle physics. 
There are several pieces of evidence 
to support the idea of a Big Bang, in- 
cluding the observation that the gal- 
axies are all streaming away from 
each other, a sign that the universe is 
expanding. The clincher was the 1965 
discovery of so-called cosmic back- 
ground radiation. This is a weak hiss 
that appears to emanate uniformly 
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from every part of space. This radia- 
tion is very cold—just three degrees 
above absolute zero—and that num- 
ber jibes nicely with calculations on 
how much some of the original hot ra- 
diation from the Big Bang must have 
cooled, over the course of about 15 bil- 
lion years, into a feeble afterglow. 
That original fireball was so hot— 
an inconceivable 10” degrees Kelvin 
—that all four forces were perfectly 
symmetrical, with equal strengths, 
and all had massless force carriers, 
the vector bosons. But the expanding 
fireball immediately began to cool 
down. Within millionths of a second 
after the Big Bang, at lower energies, 


good to 
keep cooped up. 


the original symmetry of the forces 
was broken, and they separated into 
disparate ones. By exceedingly rough 
analogy, water begins to freeze out of 
a pail of water once the temperature 
has lowered enough. 

To account for this symmetry-break- 
ing in the first instants of the cosmos, 
theorists invented an as-yet undetect- 
ed particle called the Higgs (named af- 
ter physicist Peter Higgs). The Higgs 
boson acts as the carrier of another 
force to give mass to the W's and the Z. 
Its existence is crucial to the elabora- 
tion of the Stan- 
dard Model, and 
the quest for it 
is the principal 
reason that U.S. 
physicists want 
to build the Su- 
perconducting 
Supercollider 
(SSC), whose 
high energies 
will be required 
to detect the 
Higgs if the par- 
ticle is very 
massive. It is al- 
so the raison 
d'étre for the 
proposed LHC 
(Large Hadron 
Collider) at 
CERN, which 
could be in- 
stalled inside 
the present 
LEP ring as 
early as 1998. 
With such accel- 
erators it will 
be possible to 
probe for the 
Higgs even if it 
is as heavy as 
one trillion elec- 
tron volts. "If it 
hasn't shown up 
even in that 
range, says 
CERN's John Ellis with a grin, “most 
theorists will commit hara-kiri.” 

In some versions of the Big Bang 
theory, protons and neutrons con- 
densed out of a quark-gluon plasma 
within 10 millionths of a second after 
the Bang, when the temperature of 
the ever-expanding universe had 
dropped to a mere trillion or so de- 
grees. Somewhere between 10 and 15 
minutes later, the nuclei of the light- 
est elements, hydrogen and helium, 
were forming—the period of “nucleo- 
synthesis" Almost 25 percent of all the 
observed matter in the universe is he- 
lium; 75 percent is hydrogen. All the 
other elements (the heavier ones are 


made inside stars) constitute a mere 
soupçon in the cosmic stew. 

In the 1970s, it occurred to three 
physicists that the amount of helium 
in the universe that astrophysicists 
could see had to set some kind of limit 
on the number of families of elemen- 
tary particles—and therefore on the 
number of light neutrinos. David 
Schramm, James Gunn, and Gary 
Steigman calculated that based on 
quantum symmetry theories, and the 
then-known quantity of helium, if the 
Big Bang scenario was correct, then 
this maximum number was five. 
Three families 

But as time went on, astrophysicists 
using more sophisticated instruments 
and techniques were able to deter- 
mine the helium-hydrogen ratio ever 
more precisely. By 1980, the theoreti- 
cal limit on the number of particle 
families had been squeezed to four, 
and by 1988, to no more than 3.5. 
Advocates of other theories resisted 
these restraints, and one of them bet 
Schramm a case of wine that more 
than three kinds of neutrinos would 
be found. The LEP results won 
Schramm his wine. “Big Bang nucle- 
osynthesis,” Weinberg announced, “is 
a part of particle cosmology that has 
now been experimentally proved.” 

At a workshop held last year called 
“LEP and the Universe,” Schramm 
said that the three light neutrino limit 
fit the abundances of other rare light 
elements, such as deuterium and lithi- 
um-7, which are 10 billion times rarer 
than hydrogen. “These are the first 
particle tests of a cosmological model,” 
Schramm said. 

That is just the beginning for cos- 
mologists because major puzzles about 
the birth and evolution of the universe 
remain. One is the so-called dark mat- 
ter problem. “If you take the three- 
family limit and combine it with the 
observed abundances of light ele- 
ments,” says Ellis, “you can estimate 
how much baryonic, or conventional, 
matter there is in the universe. The 
answer is: not very much.” In fact, as- 
trophysicists calculate that the amount 
of matter we can see because it shines 
is only from 1 to 10 percent of how 
much matter of some kind there must 
be to explain the motions of the galax- 
ies and of the stars within them. This 
luminous matter is also, at most, 10 
percent of the amount needed to 
“close” the universe gravitationally 
—to keep it from expanding forever. 
And such closure is demanded by a 
variety of theories. (Many cosmolo- 
gists believe, in fact, that there must 
be just enough matter to keep the uni- 
verse from expanding indefinitely, 


ending, as it were, in a whimper, but 
not so much matter as to cause the 
universe to collapse. That event would 
result in another “bang.”) The inescap- 
able conclusion is that there must be a 
very large amount of matter that we 
cannot see because it is not luminous 
—dark matter. 


Machos and Wimps 


What could this missing matter con- 
sist of? Ever since the question was 
raised the number of candidates has 
grown, well, astronomically. Black 
holes, massive Jupiterlike planets, 
and invisible small stars called 
Machos (massive compact halo ob- 
jects) have been proposed; so have 
particles called axions, cosmions, and 
cryptons. But many theorists favor an 
exotic kind of very heavy particle, to- 
tally unlike ordinary baryonic matter. 
Collectively called Wimps, for weakly 
interacting massive particles, they 
would be hard to detect because, like 
the neutrino, they are governed by the 
weak force, and not, like hadrons, by 
the strong force. Another recent candi- 
date is the group called Champs, for 
charged massive particles, nominated 
by Glashow and colleagues. 

The proposed identities of Wimps 
run the gamut from massive neutri- 
nos to hypothetical massive partners 
of ordinary matter particles, with 
names like Higginos, photinos, zinos, 
and even winos. The complex quan- 
tum unification theory that demands 
such partners is called supersymme- 
try. And Ellis believes that the LEP 
has now provided “at least indirect ev- 
idence that all this supersymmetric 
stuff is correct.” 

The massive neutrino, a candidate 
weighing several GeV, has dropped 
out of the race, “killed by LEP,” ac- 
cording to Ellis. “The LEP results 
make restrictions on any possible 
massive neutrinos and tell you that 
they could contribute, at most, one 
percent of the missing matter.” Also 
eliminated by the LEP are the super- 
symmetric partners of the neutrino, 
burdened with the unpalatable name 
“sneutrinos.” The supersymmetric 
partners of the photon, the Z, and the 
Higgs particles are Ellis's own choices 
in the dark matter derby. 

Says astrophysicist Bernard Sadou- 
let, director of the University of Cali- 
fornia at Berkeley's Center for Particle 
Astrophysics, “The thought that we do 
not understand what may constitute 
the major part of the universe is 
rather humbling, especially for a sci- 
entist, whose passion is to compre- 
hend what surrounds him.” Sadoulet, 
has organized a massive collaboration 
to detect Wimps directly using a vari- 


ety of electronic devices at a number 
of sites. One of them is 700 feet under 
the rock of the Oroville Dam near Sac- 
ramento, Calif., to exclude cosmic ray 
effects. That experiment, originally a 
University of California at Santa Bar- 
bara effort, has also wiped out mas- 
sive neutrinos as Wimps candidates. 

At a CERN workshop, Ellis said, 
“The LEP has made it more difficult to 
find what dark matter is....Are we 
made of the same stuff as the rest of 
the universe?” 

These exotic species of particles 
have been called “cold” dark matter 
because they move slowly and radiate 
relatively little energy—one of the 
reasons they are allegedly so hard to 
detect. Cold dark matter plays a key 
role in many modern versions of the 
Big Bang theory in explaining a puz- 
zling paradox. If the universe was 
smooth and homogeneous at the mo- 
ment of its creation, why is it now 
lumpy, filled with aggregates of mat- 
ter in the form of galaxies? 

To resolve this and other nagging 
puzzles, cosmologists have combined 
the cold dark matter theory with one 
of several versions of inflationary the- 
ory, another key concept. Inflation 
holds that before the cosmos was a 
mere 10™ second old, an infinitesimal 
piece of it swelled exponentially fast 
—much faster than the speed of light. 
In a tiny fraction of a second, this ex- 
pansion, called superluminal, slowed 
to the rate we witness today. 


Cosmic turmoil 


Last January, however, a team of 
British and Canadian astrophysicists 
led by Dr. Will Saunders of Oxford 
University reported on its analysis of 
a survey of the universe made by the 
Infrared Astronomical Satellite. Writ- 
ing in the journal Nature, the team 
concluded that “there is more struc- 
ture on large scales than is predicted 
by the standard cold dark matter the- 
ory of galaxy formation.” The refer- 
ence is to vast superclusters of galax- 
ies, interspersed among gaping black 
supervoids. One enormous strand of 
galaxies, called “the great wall,” spans 
at least half a billion light-years. 

The finding leaves the mystery of 
the distribution of matter in the uni- 
verse unsolved. No one doubts that at 
least 90 percent of this matter is “mis- 
sing” or that the basic concept of the 
Big Bang is correct. But both inflation 
and cold dark matter theory are vul- 
nerable, and cosmology is in turmoil. 

Will science ever learn all the an- 
swers? In the famous aphorism by the 
English biologist J.B.S. Haldane, per- 
haps “nature is not only odder than we 
think, but odder than we can think.” 
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Produced by using PTFE, 
the most slippery lubricant 
known and used in the space ORDER TODAY 
vehicles that took American $1 9.95. 
P $25 
astronauts to the moon. = 07 ‘treats average engine 
CALL TOLL FREE 1-800-999-1995 


MONEY BACK GUARANTEE IF NOT SATISHED 
Please send m 8 oz. bottles FluroCote, 
($19.95 + $2 S/H) 


SouDmiuweRicart 
Wr votonte 


Exp. Date 


Mail to: TEI, Inc. Dept. PS-4 
L 202 W. Hillcrest Ave., San Bernardino, CA g2408 J 
-= e <= = = =< = 


4^ Send NOW for details: N 


| à CATALOG of uses & attachments ... $1.00 ff 


..with your own r 
MAGNATRAC. á 
Crawler! 


Save MONEY 


Do It All 
YOURSELF! 


9 Build a Road 


© Dig Ponds & 
Basements 


© Cut Trenches 
© Clear Brush 
andscape 
© Garden 
@ Haul 


Factory 
Assembled! 


BE YOUR OWN BOSS! 


With over 30 attachments available (Dozers, 
Loaders, Backhoes etc.) you and your Magna. 
trac can tackle any "compact-size" construc: 
tion or landscaping job. Earn EXTRA CASH 
by getting into places the "big-rigs" can't and 
then name your own price! 


C] TECHNICAL MANUAL of assembly 
and construction details ....... $7.00 f 
O VIDEO (30 minutes of action) .. $18.00 l 


STRUCK-KIT e BOX 307 e DEPT: PS41 


iw CEDARBURG, WISCONSIN 53012 J 
— am m = ud 


1Unit 5+ 


ee 


30 Days Money Back Guarantee 


Free 16 page Catalog 
Visa, M/C, COD or send money order to: 


US Cable TV Inc. Dept.KPS4 


4100 N.Powerline Rd., Bldg F-4 
Pompano Beach, FL 33073 
For Our Record 
1, the undersigned, do hereby declare under penalty of per- 
hay tart eine pow andere mil 
from local oflciala or cabe company offs ts sorordenee 
with all applicable federal and state faws. FEDERAL AND 
VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL 


GRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZED 
Date: 
Signed: 


No Florida Sales! 
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We design the sunroom 
of your dreams for FREE! 


See how Four Seasons can improve your 
home and lifestyle. Call or write for a Free 
In-Home Design Survey. 

1-800-FOUR SEASONS (1-800-368-7732) 


C) Please contact me about a Free 
In-Home Design Survey, product 
literature and video. REE 
MAIL TO: MOCHAE 
FOUR SEASONS SOLAR PRODUCTS CORP. 

5005 Veterans Memorial Hwy., Dept. PS4, Holbrook, NY 11741 l 


- 
Más | 


— 
FOUR SEASONSI 


Phone 


2t 


Outdoor living, indoors. 
L GREENHOI 


USES e SUNROOMS e PATIO ROOMS 


- 
Supercruisers 
[Continued from e 67) 


gram has been developing a next-gen- 
eration avionics package consisting of 
arrays of sensors, navigation and com- 
munications systems, and enemy-bam- 
boozling electronic countermeasures 
gadgets that are tied together by mon- 
ster chips with almost supercomputer 
processing speeds. This torrent of data 
can be reduced to colored symbols dis- 
played to the pilot on bright flat-panel 
cockpit screens designed to keep work- 
load and confusion to a minimum. 

“Sensor fusion” and “situation 
awareness” are the buzzwords of the 
ATF avionics effort. The philosophy 
behind this cockpit design is letting 
the pilots select the type of informa- 
tion they want from the displays at a 
given moment, according to Mike 
Major, manager of ATF operational 
requirements at Northrop. “The pilot 
can choose to see information rang- 
ing from raw radar blips all the way 
up to fully fused information—the 
sky and ground around him present- 
ed in an intuitive format that uses 
colors and symbols. It’s an icon world,” 
he explains. 

Normally, the displays won't burden 
the pilot with readings such as engine 
temperature or hydraulic pressure. 
“We don’t provide that information un- 
less he asks for it or something actual- 
ly goes wrong with one of these sys- 
tems. We're freeing him from trying to 
integrate all this data so he can project 
events several seconds into the future 
and determine: Am I offensive or de- 
fensive right now?” Major says. “If he 
wants, the pilot can choose to see an 
iconic presentation of the sky ahead of 
him or look down from the ‘God’s eye’ 
perspective in which his aircraft occu- 
pies the center of a display that identi- 
fies friends, foes, and threats on the 
ground from all directions.” 


Lobbying for funds 


The media-shy Air Force general in 
charge of the ATF effort chooses to pro- 
mote and defend his program largely 
behind the scenes in Washington, 
D.C., while assertive salesmanship 
comes easily to Lockheed’s Mullin. “I 
think stealth gives us a permanent 
change in air superiority, the biggest 
since we went from propellers to jet 
engines. It gives us major advantages 
relative to ground missiles and adver- 
sary aircraft,” he proclaims. “Com- 
bining stealth with supercruise, we get 
capabilities that just aren’t in the 
cards for derivatives of F-15s or F-16s. 
Do we want to invest in a fighter that 
will be superior to the threats—what- 
ever the hell they are—in the twenty- 
first century? It’s a fundamental na- 
tional defense issue.” s 


FREE CATALOG with over 100 innovations 
to add comfort and convenience to your home. 


Latest in electronics. 

Heath Company’s new Home 
Automation catalog features easy-to- 
install electronics that bring 
sophisticated technology into your 
home for as little as $12.95. Simple. 
Easy to install. Affordable. 
Guaranteed. 


Some bring you peace of mind. 
Affordable protection for your home or 
car. Expandable security systems to meet 
your needs today and tomorrow. 
Advanced motion sensor lighting that 
reduces false triggering (often caused 
by blowing leaves or small pets) by up Á 
to 75%. You get protection where 
and when you need it, indoors and 
out. 


Some save you time. 
Watch the kids play outside, 
monitor the baby’s room, or 
see who’s at the front door 
just by looking at your 
television screen. (Who says 
you can’t be two places at once?) 
Call home to turn on your slow-cooker or 


other appliances. From one center, control 


lights, fans, air conditioners — almost 


OAL 


BY HEATH 


anything that plugs into an electrical 
outlet. 


Some just make life easier. 
Add a portable phone extension to any 
electrical outlet. Automatically lower 


the volume of your music system 


o 


100% satisfaction 


».. the Heath 
guarantee for 

over 40 years. 
Try any Heath product at no 


tisk. If you aren’t completely satisfied, 
simply return the item within six months 
for credit or full refund. 


whenever the phone rings. Or play a 

movie on the living room VCR and 

watch it on your bedroom 
TV. 


Call 1-800-44-HEATH for 
your FREE CATALOG. 


Free call for a free catalog. Or, just 
mail the coupon below. Heath 
adds comfort and convenience ... 


and makes coming home even 
better. 


Heath 


Benton Harbor, Michigan 
—— oe ee — 
[ Please send me the 1 
NEW Home Automation 
I catalog. 


Apt. 


State Zip 


= 
> 
a 
e 
E] 
a 
= ae ee 


l Mail to Heath Company, Dept. 016-040, I 
|| Benton Harbor, MI 49022. 

HA-101 
Lll------—-- 


Take a walk on NordicTrack and discover 
why it's 8 ways better than a treadmill. 


1. Better exercise. 

NordicTrack simulates the world's best 
exercise, cross-country skiing. This smooth, 
total-body motion exercises all major body 
muscles including arm-and shoulder 
muscles that are neglected in walking or 
running. 

2. Nonjarring. 

NordicTrack's smooth, 
efficient skiing motion has none 
of the jarring motions which can 
damage joints and ligaments. 


3. Safer. 

NordicTrack is human powered and 
has no electric motors or high-speed belts 
that require constant concentration or that 
can throw off a user or child. 


á. You are in control. 

NordicTrack lets you set the pace of 
your workout. No panic starts and stops as 
with motorized devices. 


5. Quieter. 

NordicTrack's smooth skiing motion is 
inherently quiet and has none of the 
pounding foot step noise associated 
with running on a treadmill. 

6. No electric cord or outlet 

Put a NordicTrack wherever you want 
You are not constrained by outlet location 
and you won't trip over the cord. 


7. Costs far less for equal quality. 
NordicTrack's efficient and human- 
powered design needs no expensive 
electric motors and speed controls. And, 
because NordicTrack is simple and 


uncomplicated, little upkeep is required. 


8. Non-boring. 

People love their NordicTracks. In 
fact, 7 out of 10 owners are still using their 
machines more than 3 times a week, 5 
years after purchasing one. 

In fact, these NordicTrack owners are 
so enthusiastic about the results they've 
achieved, that in a market research study 
conducted by Maritz Research in 1988, 9796 
responded that they would recommend 
NordicTrack to their family and friends. 


Tbe world's best aerobic exerciser. 


Nordicfrack* 


A CML Company 
Call or Write for a 


FREE VIDEO 


& Brochure 


| 1-800-328-5888 2». 


Q Please send me a free brochure 
| © Also a free videotape O VHS O Beta | 


| Name | 
Street 

City State Zip | 
| Phone( ) A—— | 


NordicTrack, Dept #280D1, 
141C Jonathan Blvd. N., Chaska, MN 55318 


Lo a aS 
Entry-level luxury (continued from page 801 


250 was almost ignored initially, but 
has gained respect because it packs a 
lot into a $22,000 package. 

The ES 250 is longer, lower, wider, 
and heavier than any other car in the 
group and with its 156-hp 2.5-liter V6 
engine is the most powerful. But the 
horsepower advantage of the ES 250 
over the others is eaten up by the 
enormous weight differences. It also 
has the most weight on its front 
195/60VR-15 tires, which drive the 
car, so it wasn’t a winner on the skid 


pad or slalom course. 

Our days of track testing and high- 
way driving pointed out that the ES 
250 is clearly the least sporty of these 
sedans, but it is the most luxurious 
and the most serene. The understated 
exterior styling is more of the angles- 
and-creases design school than the 
aero-smart jellybean look. 

In motion, the ES 250 is extraordi- 
narily solid and quiet, a trait it shares 
with the senior Lexus. The ride is 
posh, not soft, and the speed-sensitive 


SHORTWAVE 
RA 


credible collections of electric- 
ity and electronics books to 
come along in years. You'll find 
scores of high quality new 
books and reprints of rare old 
books on building and operat- 
ing old time radios including 
spark-gap transmitters, ci 

tal sets, regenerative and o! 

antique receivers, early teleph- 
ony, television, and more! 


Tesla Coils! ; 


Build Tesla coils, induction 
coils, Wimshurst and other 
lightning bolt generators! Re- 
wind and repair motors! Design 
and build electrical generators! 
p Get high power from auto alter- 
nators! You'll find quality books 
on these topics and much more! 


You'll even discover 
a strange collection of books on "Fringe 
Science” — hollow earth theory, perpet- 
ual motion, unusual phenomena re- 
corded throughout the centuries, and 
much more. Explore the strange world 
>| that lies between fact and fiction! 
er rias per m 


Tintsay’ 
——— Lindsay's Electrical Books | 
Y PO Box 583-WT7 Manteno IL 60950 


Enclosed is $1.00. Send me a copy of 
Lindsay's Electrical Books catalog via first 
class mail! 


tion coils! Build equipment your 
friends haven't even heard oft 


Write for a catalog! 


Write for your copy of 
Lindsay's new Electrical 
Books catalog and see for 
yourself what you've been 
Missing! Send $1.00 (US & 
Canada) or $4.00 foreign air- 
mail. We'll send your catalog 
immediately! Write today! 


b [ Address —— — ———— 


Le 
^ FUN TO BUILD = FUN TO 


Sleek, Lightweight Electric Sports Performance With Gas 

Build your own electric vehicle now with inexpensiveandre- — The Subaru flat-4 version does 0-60 in 8 seconds and exceeds 
liable components. Tops 80 mph and travels 60. 100 mph. Gets 50 mpg on the freeway 
miles on a 110V charge, costing only 3 to ‘excellent handling. Un- 
7 cents per mile. Ideal for quiet, 
pollution-free commuting. 


Fully Detailed Plans 
Plans cover both the electric and gas ver- 
sions with 96 pages of photos, illustrations 
and precise construction details. We've 
included many ideas for customizing your 
vehicle and building your own design. 


DORAN 


MOTOR COMPANY 
3425 Ridgecrest Dr., Dept. JA2 
Reno, NV 89512-1443 USA 
Illustrated brochure and spec. package: 
$5.00, check or M.O. by mail only.. 


Fully Detailed 
Plans: 


Allow 2-4 weeks for delivery. 


power steering gives a solid feel with 
no wander. Of the four, this is the one 
we'd choose without hesitation for a 
cross-country run on the interstates— 
which is to say, it is not the car we'd 
pick for a romp down a canyon road. 

To pick a clear winner in this group 
of cars is tough duty. The 318i is the 
right badge at the right price for thou- 
sands who wouldn't be able to swing it 
otherwise, and it’s the best all-around 
handler in the group. The Peugeot is 
the raciest looker, well priced, with an 
eager engine and lots of luxe. The 
Lexus, while better suited to the long 
haul than the twisty one, is the roomi- 
est and most comfortable. The upstart 
Infiniti offers amazing handling capa- 
bilities and a big fun-for-the-money 
exchange at its introductory price. 

All things, including resale and 
warranty, considered, we'd take the 
BMW. The others are fine cars, but a 
$20,000 BMW is something we 
thought you could buy only with a 
time machine. 


OF CHALLENGERS 
Today's BMW 318i is an extremely capa- 
ble, rock-solid sedan that handles wind- 
ing roads with finesse and efficiency. 
Recent upgrades in suspension tuning 
have eliminated one of the few faults of 
the early models—a pronounced tenden- 
cy to get tail-happy when the throttle was 
lifted in a hard comer. Now the 318i is 
near-neutral in corners, but it is eclipsed 
in other measures of performance by 
several challengers in the size and price 
range it used to dominate. 

The bright new star among the upstarts 
is the Infiniti G20, with a 140-horsepower 
engine that gives it a 1.2-second edge 
over the BMW's 0-to-60-mph time along 
with handling and grip that beat it on the 
slalom course. It's not as carved-from- 
one-piece as the BMW, but the perfor- 
mance and overall balance gives it an 
edge that's difficult to ignore. 

Another challenge comes from the 
Peugeot 405 Mi 16, with an engine not 
nearly as refined as the BMW or G20, 
but aggressive enough on the test track 
to edge out both of them in several han- 
dling tests, although at some sacrifice in 
ride comfort. 

Last comes the Lexus ES 250, the 
lesser brother to the LS 400. The ES 250 
trades performance and handling for a 
floaty level of comfort and luxury, and it 
succeeds reasonably well, although the 
result is a bland but well-finished car. 

When the test results were in, | felt that 
it was too close to call between the fi- 
nesse and solidity of the BMW versus 
the lively performance and freshness of 
the G20. | will say, however, that the 
Price of the Infiniti is a powerful incentive 
that could sway anyone who is sitting on 
the fence. —Dan McCosh 
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AMAZING NEW SUPER SLIPPERY ENGINE PROTECTION 


So good that automotive engine manufacturers and major oil companies use it! 


NOW AVAILABLE FOR THE 
FIRST TIME IN THE U.S. 

U.S. Auto-Tech is proud to be among 
the first to bring to this continent an 
amazing brand of oil additives that are 
used by almost all of the automotive 
engine manufacturers in Japan. If you 
have recently purchased a new Japa- 
nese brand vehicle, the chances are that 
it already contained this super additive! 
In Japan over 5 million quarts of this 
oil additive are consumed every month. 

You have seen the television com- 
mercials stating that various Japanese 
vehicles have over 200,000 or 300,000 
miles on them and they are still run- 
ning. Many of these vehicles had these 
oil additives installed in their engines at 
the factory! 

This product, called "Sakura-Lube" 
in Japan, has just been improved even 
further and is being introduced into the 
U.S. It is sold under the brand name of 
OEM, since Sakura-Lube is used by 
Original Equipment Manufacturers. The 
key ingredient for OEM is the fantastic 
result of over 10 years of research, de- 
velopment, and testing at a cost of 25 
million dollars. It is the latest lubrica- 
tion technology available. 


TESTED ALSO IN THE U.S.A. 

OEM has also been tested here in 
America. ASTM (American Society for 
Testing and Materials) tests done in U.S. 
laboratories have shown that OEM out- 
performed the number one selling oil in 
the U.S. by 47%. What this means is 
that an engine with OEM added to it's 
oil could experience 47% less wear than 
an engine without OEM in the oil. This 
represents almost a doubling of en- 
gine life. 


BENEFITS OF OEM 

OEM causes a chemical reaction to 
take place within your engine. This 
chemical reaction impregnates the metal 
surfaces of your engine, thus slowing 
engine wear. At the same time a slip- 
pery coating is produced. The impreg- 
nated metal and slippery coating gives 
you these 7 benefits: 
1. Increase gas mileage. 


2. Increase horsepower (small econ- 
omy cars and large RV's really need 
this). 

3. Make starting easier. 

4. Reduce operating temperatures, thus 
increasing the lubrication and life of the 
oil and engine. 

5. Help make up for lubrication losses 
from new unleaded gasolines. 

6. Provide a possible lubrication safety 
margin in the event of sudden oil pres- 
sure loss. 

7. Minimize or eliminate costly over- 
hauls by reducing engine wear. Up to 
90% of engine wear is caused by lubri- 
cation starvation cars experience when 
first started before the oil begins to 
circulate. OEM protects the internal en- 
gine parts, even while the rest of your 
car's oil is still settled down in the sump. 
OEM works with all petroleum oils and 
compatible synthetics. 


OEM BENEFITS WILL LAST 
Scientific tests have shown that OEM 
protection has lasted even after 12 min- 
utes of argon ion surface etching. This 
proves that the OEM protection is du- 
rable, indeed! You use OEM only once 
every year, or every fourth oil change, 
whichever comes first. One quart pro- 


tects up to a six quart crankcase capac- 
ity. (For larger capacities, use propor- 
tionally more... divide crankcase capac- 
ity by six or call our Toll-Free number 
for assistance.) 


OEM IS SAFE 

The greatest proof of this is that auto- 
motive engine manufacturers and 3 major 
Japanese oil companies use Sakura-Lube. 
Obviously they wouldn't use a product 
that harms engines. OEM contains no 
sulphur and no phosphorus beyond the 
normal limits of engine oil. OEM's 
ASTM copper corrosion rating is la, 
meaning that OEM is non-corrosive to 
the copper and bronze components of 
your engine. Therefore, OEM is abso- 
lutely safe for your gasoline or diesel 
engine and will not void your new car 
warranty. You can receive all of these 
benefits for only $19.95 each year, or 
$1.70 per month. 1 quart bottle. 


COMPLETE SATISFACTION GUARANTEE! 
If you are not satisfied with our OEM, within 4 


months, send us a note and proof of purchase 
for a full refund of purchase price. 
This makes trying OEM RISK FREE to you. 


DEALER INQUIRIES INVITED 
OEM $19.95 + $3 Shipping 


Free Shipping with 2 or more 
OEM is a Trademark of Whitfields Wholesale Automotive (LKBSI) 


Call TOLL-FREE, 24 Hours 


1-800-227-5425 


or send to... 


7s AUTOJE 

U.S. AUTI CH 
INNOVATIONS & TECHNOLOGY 
FOR PERFORMANCE MOTORING 


407 Del Rio Road, Berthoud, CO 80513 
Ps4 
C t enclose $19.95 + $3 shipping for one quart of OEM 
C Send me _—— qts. of OEM @ $19.95 ea. 
FREE shipping (2 or more). 
C Check [C VISA/MC/DISCOVER O C.O.D. (Add $5) 


Cardi Exp. 
Name 
Address 

(Gis Srest Asians r UPS. Daio) 
City 
State Zip 


NordicTrack does it again... 


The science of total-body 


M9 Unique Back Stress Management 
System supports lower back and 
flexes to reduce stress. 


Double-flywheel resistance for 
Separate upper- and lower-body 
Settings. 


ee RN Adjustable 
) incline for 
Unique Split workout 
Resistance design. variance. 
TBX makes ordinary exercisers obsolete. Exercise technology that works for you. 


NordicRow TBX takes total-body exercise into the 
future. It's the only total-body exerciser with a 
revolutionary, patent-pending Back Stress 
Management System and two patented flywheels 
which provide independently adjustable resistance 
for your arms and legs. No one else has it. 


NordicRow TBX tones and strengthens all the 
major muscles in both your upper- and lower- 
body. It's more efficient, more comprehensive 
than treadmills, stairclimbers and stationary bikes 
that only work your lower body. 


There's never been a total-body machine like NordicRow TBX. 


Try it in your own home 
for 30 days with no risk or obligation! 


FREE VIDEO trocnure ca 1-800-4 


NordicRow "J RX" 
Se 


BY NORDICTRACK 


Or write: NordicTrack, A CML Company, 141 Jonathan Blvd. N., Dept. 73201, Chaska, MN 55318 


A \. /| fitness just took a quantum leap. 


NO WIRES | 


With Invision you don't necd wires to send a 
crystal clear picture from your VCR, Cable box, 
Laser disk pl Video camera to any room in | 
the house. Innvision also allows you to watch one 
video source while transmitting a different source 
10 another TV. Innvision transmitts up to 120 fect 
through walls, floors, etc 


Set comes complete with one 
transmitter & one receiver. 
$99.00 + $5.00 Shp& Hndi. 


EE SS)c.o.p. 


TO ORDER OR REQUEST 
OUR FREE CATALOG CALL 


1-800-624-1150 


Or 
FAX (402) 392-0991 


Highest Quality 

One Year Warranty 

30 Day Trial Period 
Easy To Use 
Satisfaction Guaranteed 


Model 72020 


Control Water Weeds 


Amazing new Underwater Harvesting Tool! 


NOW YOU CAN FIX the WATER-WEEDER™ Harvester 


OR MAKE IT 
YOURSELF! 


Cut akc Sopa SGA RET 
imp Secon eer eee Control weed 


OWN A MACHINE SHOP 


BUY DIRECT! AS LOW AS $995 


Cali or write today for FREE information package. 
TOLL FREE 1-800-552-1217 


T 
Waterside Products Corp. 
PO. Box 876, Lake Mahopac, New York 10541 


1:8900-94 5-0942 
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The recycled house 
[Continued from 'e 69] 


panels made by Bellcomb Corp. of 
Minneapolis. The panels have a 
structural-strength honeycomb inside 
created from kraft paper. 

Several factors will help make the 
house energy saving as well. To re- 
duce heat loss, it will be built into a 
southwest-facing hillside. Highly insu- 
lative (R-8) Superwindows by South- 
wall Technologies of Palo Alto, Calif., 
installed in fiberglass composite 
frames from Owens-Corning Fiberglas 
will further reduce heat loss [“Win- 
dows of Opportunity,” May '90; “Best 
of What's New,” Dec. '90]. Space heat- 
ing will be furnished by a sealed-com- 
bustion gas boiler; a Vanee 200 air-to- 
air heat exchanger will provide whole- 
house ventilation and heat recovery. 


Recycled—inside and out 


Other materials to be used in the 
house follow the conservation theme: 

*Gypsonite gypsum fiberboard, by 
Highland American of Rhode Island 
Inc. in East Providence, is made with 
cellulose fibers from waste newsprint. 
The fibers are mixed throughout to 
make the board stronger and more 
fire resistant than conventional dry- 
wall [^Drywall Innovations," July '89; 
“Best of What's New,” Dec. '89]. 

*Syndecrete cement counter tops 
from Syndesis of Santa Monica, Calif., 
use stone, wood, or plastic shavings in 
the aggregate [^Home Newsfront," 
Oct. '90]. 

*Fire-resistant Fibercem paper- 
fiber-reinforced-cement siding, by 
Eternit of Reading, Pa., was developed 
as a replacement for asbestos siding. 

*Softpave rubber pavers from 
Carlisle Tire & Rubber Co. of Carlisle, 
Pa., will cushion the entryway. The 
one-inch-thick pavers are molded 
from shredded tires [*Technology 
Comes Home," Aug. '89; "Best of 
What's New,” Dec. '89]. 

*Stormguard nails from Maze Inc. 
of Peru, Ill., are made from remelted 
scrap steel and iron and will be used 
throughout the house. 

Many of the products used in the 
ReCraft house are being donated by 
the manufacturers, so it will cost 
about the same as a comparable house 
in the Missoula area—about $135,000: 
But the products Loken is using gen- 
erally are more expensive and prob- 
ably more difficult to find than stan- 
dard materials because many of them 
are new and/or produced by small 
companies, he says. While these fac- 
tors may keep some builders from try- 
ing the new materials, the alternative 
to building responsibly could be grim. 

“We're going to run out of forests if 
we're not more careful,” Loken says. lis 


49 ways to help you quali 
for the job EA Verri ty 


etri Correspondence Sens 


Diploma 


| é 
If you want more security, more day-to-day satisfaction 
and a better future, send for free facts and the color 
brochure of your choice. NO OBLIGATION. NO SALES- 
MAN WILL CALL. MAIL COUPON TODAY! 


r 
You Learn From Specialists 


The decision to invest your time, energy and money in 
preparing for a new career is one of the most important 
decisions you will ever make. It can offer you the 
chance to qualify for the job you want...more money, 
more prestige and a better life. 


At ICS we've spent one hundred years training people 
for exciting, profitable careers. We have become a 
world leader in training for business, industry, science 
and technology, enrolling more than 10,000,000 since 
1890. In addition, more than 2,000 American corporations 
have used our training for their own employees— 
including U.S. Steel, IBM, Avon, Ford and International 
Paper. 


Get Your Degree 

Without Attending College 

Now a Specialized Associate Degree in 
Business or Technology can be yours...and 
you never have to set foot on a college 
campus. You study the same subjects 
taught at major universities, yet never have 
to wait in lines or worry that a class is full. 
And if you have already completed some 
college classes, seminars, military or other 
training, we may be able to give you 
advanced standing. 

Or...Earn a Career Diploma 

That Could Change Your Life. 

Statistics show that specialized career 
training has helped thousands of men and 
women make more money, get better jobs, 
even start whole new careers. Compare 
your present salary with the money you 
could be making in any one of the careers 
listed on the coupon. And it's not the 
money alone that's important! Being 
around people you like, doing something 
you really enjoy, feeling successful in your 
career...all these can make a big differ- 
ence in your future and in your entire out- 
look on lite! 


, admin- 
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International Correspondence Schools, Dept. APCS31S q The ICS Education Service Center in 
925 Oak Street, Scranton, PA 18515 q Scranton, Pennsyvania, houses a statt of 
lease send me free facts, color brochure and full information on how | can train at home experienced educators, consuants, 
I for the career I have chosen. No obligation. No salesman will call. CHECK ONE BOX ONLY. — | — [Stators ae nevucios who are specials 
ASSOCIATE IN SPECIALIZED CAREER DIPLOMA PROGRAMS: 1 Eo nuded krouger each course 20 you 
| BUSINESS DEGREE Computer Child Day Care Private Security I progress. And to ensure 
ope i Programming Legal Assistant Officer I understanding of 
JE Basnwss Wangenan Computer TVNCR Repair £ Widieforestry p ike many colleges— 
Programming/COBOL = Surveying Conservation uses "open-book" exams that let you refer to 
1 = Bus. Mgmt.—Finance Option il Computer Mapping t | your texts and apply what you've leamed... 
p Bus Mpt- MaratngÜnton ^ Specials Catering/Gourmet — Veterinary Assistant | not just give memorized answers. 
1 © Hospitality Management [5 aa EONO, uthtion Decus C q^ Self-Paced Individualized Instruction 
| ASSOCIATE IN SPECIALIZED High School Small Business interior Decorating | Choose either a course leading to a 
TECHNOLOGY DEGREE Bookkeeping ‘Management Motorcycle Repair Specialized Associate Degree or one lead- 
| PROGRAMS Secreta Drafting Gun Repair | ing to a Career Diploma. Train for an entry- 
lechanical Engineering Medical/Dental Air Conditioning & — Photography level job or continue your studies an 
M E level job di d 
|. Technology Office Assistant Refrigeration Dressmaking & q develop supervisory skis. You study at 
Civil Engineering Tech. Legal Secretary Microcomputer sign. home in spare time...go as fast or slow as 
|... Electrical Engineering Tech. Fashion Merchandising Repair Joumalism/Shot | ^ you want. You waste no time traveling to 
q © Industrial Engineering Tech. = Auto Mechanics Electronics Story Writing and from class. And ICS lessons are easy 
Electronics Technology Hotel/Restaurant Travel Agent Starting Your Own to understand because they're complete 
1 Management Police Sciences Business Vg with drawings, diagrams and photographs. 
I 18 Tools, calculators, electronic instruments, 
| NAME. AGE. qp drawing materials, books...whatever you 
need to complete your training is included 
1 ADDRESS. APT. 4 ; with your program at no extra cost. 
CITY/STATE zn 
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Ta A Subsidiary of National Education Corporation 


MAIL COUPON FOR FREE FACTS AND COLOR BROCHURE 


CABLE TV EQUIPMENT 
LOWEST PRICES 
HIGHEST QUALITY 


JERROLD - OAK - SCIENTIFIC ATLANTA 
HAMLIN - ZENITH - PIONEER 
MANY MORE CALL TODAY! 
V Only quality products sold V Easy to use 
Satisfaction guaranteed V Knowledgeable sales staff 
V Orders shipped within 24 hours 


CALL OUR 


SINGERS! 


REMOVE VOCALS 
FROM RECORDS AND CDs! 


SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 

stereo records! Record with your voice or perform live 

with the backgrounds. Used in Professional Performance 

yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 

LT Sound - Not sold through dealers. Call or write for a 

Free Brochure and Demo Record. 

LT Sound, Dept. PS-4, 7980 LT Parkway 

Lithonia, GA 30058 (404) 482-4724 


Manufactured and Sold Exclusively by LT Sound 
24 HOUR PHONE DEMO LII 1404482-2485 


HOTLINE TODAY 


1-800-228-7404 
MAKE THE CONNECTION TO 
NU-TEK ELECTRONICS 
5114 Balcones Wood Dr.#307 Dept.’ 
Austin, TX_78759 


BUILD AN IBM 


COMPATIBLE COMPUTER 
(And Save a Fortune) 


Have fun building 
your own 286 or 

386 computer while 
saving hundreds even 
thousands of $$$! 

This instruction book 
comes complete with 
illustrations and a list 
of sources to buy from. 
Learn how to buy 

at wholesale directly 
from manufacturers. Publications 
Learn how and why P.O Box 3784 
computers work . Learn Van Nuys Ca 
how to repair your own 91407 
computer. Send 


$19.95 «$2.00 
s/h to: Harman 


PROTECT YOUR VALUABLES! 


Make and Sell Your 
Own Ornamental 
Concrete Items! 


Book about Aluminum Molds 


The TRACE MARK im- 
presses your identifica- 
tion code discreetly and 
permanently in most 
firm surfaces. Magnifi- 
cation reveals a cle: 
impression for positive 
ID. Recommended by 
police and insurance 
companies for: 


including over 425 designs. 
prices and production trade 


secrets from the world's *cameras «jewelry 
largest mold manufacturer. A Unique Gift Item * Sections firearms. 


MICROSTAMP CORPORATION 
Tel. (818) 793-9489. 


CONCRETE MACHINERY CO., INC. EB ZME Want st 
À=% Pasadena,CA91107 Fax. (818) 793-9491 
800-243-3543 


P.O. Box S99, Hickory, NC 28603 


MAPLE /CHASE 
Only 55 7,99 — —— — 


Warranty 5 


* 24 Volt 


* PROGRAMMABLE THERMOSTAT * 
Toll Free 1-800-677-2619 
Midwest Cooling & Heating 

1275 Wabash Ave., Springfield, IL 62704 

TER SAH $2.95. IL Res. add $3.56 tax di 


] " 
i; Northern. | 
L U Where the Pros and Handymen Shop | 
ORDER TOLL FREE | 

| 


1-800-533-5545 


Sale Prices Good Thru 4/30/91 KEY& 93982 


Quality Products | | 


at Discount Prices! 


Utility Cart 

Hauls up to 150 pounds! 
3.7 cu. ft. capacity. Steel 
with green baked enamel 
finish. 10" rubber tires, 20° 


12 hrs. of nighttime light 

on 6 hrs. of daylight I 
charging! 5" H x 9° W x 

3" D. Solar panel mounts 

up to 12 ft. away. 4 bulbs 

and 21" post. 


Lx 20-1/2" W x 15" D. 
FREE tool pouch! 
Items 14472 items 33432 


Sale $79.99 Sale $28.99 
Weed Wizard™ Revolutionary 
Replacement for Grass è ti 
No more hassles with monofilament fine on M 


Trimmer Cutting Line! 
your trimmer! Weed Wizard cuts through toughest 


weeds, briars, grass & rough vegetation. Include your 
trimmer ind model number when ordering. 
Sale $19.99 


Name 


Brand 
1500 PSI Engines 
Pressure Washer! Thousands in stock! 


5-HP Kawasaki engine 
has low-oil shutoff. 3 GPM 


3-23 HP, horizontal and 
vertical shaft. 


HORIZONTAL GAS ENGINES 


Item 157141 


Salo $479.99 


Swing-Back 
Trailer Jack 
750-ib. capacity. 


Lifts to 25" 
Watt Generator Chrome plated. 
8-HP Tecumseh engine 5-3/4" wheel. 
has cast iron sleeve. Two Itemk 12730 


120-Volt and two 240-Volt 
outlets. 
Item 16425 


Sale $399.99 


sale $30.99 


4-Speed Electronic 
Pro-Duty Power 
Painter Kit 

‘Sprays up to 1 gallon in 11 
minutes! UL listed. 120 V. 
2.7 Amps, 110 Watts. 32 
oz. tank, valves, viscosity 
tester and case. Fully 
refurbished. Model 300E. 
temi 11071 


Sale 79.99 


3.5-HP Hond 
2" Trash Pump 
Moves Mud, Sand 
and 3/4" Solids! 

Up to 11,100 GPH. 

76 max. head; 28' suction 
lift. 2" inlet and outlet. 
Item 10916 


Sale $329.99 


Address 
City State Zip 
Key# 93982 ^ SEND TO: NORTHERN, 


P.O. Box 1219, Burnsville, MN 55337-0219 


SCIENCE APRIL 1991 


LEARN VCR 
CLEANING/MAINTENANCE/REPAIR 


EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i. 
use voltme 

IF you 
a VCR on which to practice and learn . . . 
teach YOU VCR maintenance and repair! 

FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair — "real-world" information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS-SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL-FREE 1-800-537-0589 


Or write to: 
Viejo Publications 
5329 Fountain Ave., Dept. PS 
Los Angeles, CA 90029 


Do-It-Yourself Kits 
Factory Direct 
Clocks and Fumiture 
Also Assembled 
and Finished 
Grandfather Clocks, 
Mantel and Wall Clocks 
Curios, Tables, Chairs, 
Desks, Cradle...and more! 
Solid 3/4" Black Walnut, 
Cherry, or Oak 
Heirloom Quality 
W Solid Brass West German 
Movements and Dials 
iMoney Back Guarantee 


Smart glass 
[Continued from e 91) 


sun roof would be able to respond au- 
tomatically to overhead light, dark- 
ening in the heat of day and becom- 
ing clear again at dusk. Next could 
come a windshield or a band at the 
top edge of the windshield that re- 
acts to daytime glare and oncoming 
headlights. 

Despite the potential of electro- 
chromics, there are several alterna- 
tives that also show promise for a 
smart window. 

One alternative is liquid-crystal 
technology, which uses electric 
current to line up encapsulated liq- 
uid-crystal droplets suspended in a 
polymer. In their normal state, the 
droplets scatter light, making the 
combination opaque. Lined up, the 
crystals become transparent. 

I got a quick demonstration in a 
prototype Ford Thunderbird fitted 
with a glass roof. When I hit a switch, 
the translucent white roof became 
clear. When the current was turned 
off, it returned to white. 


Drawbacks of liquid crystal 


The liquid-crystal roof seems 
similar to electrochromics, but it's 
quicker-acting and has a significantly 
different effect. Because the liquid- 
crystal particles merely scatter rather 
than absorb or reflect light, the roof 
lets through nearly as much infrared 
as if it were clear. That means heat is 
a major problem. Also, because it is 
opaque with the current switched off, 
safety considerations prevent any use 
of liquid crystal in an area where visi- 
bility is critical. 

Ultimately, the additional cost of 
any so-called smart window would 
have to be weighed against its bene- 
fits. But the recent trend toward thin 
metallic films suggests multiple uses, 
which means that eventually a multi- 
purpose sandwich could accomplish 
several things at once. For example, 
the two conductive layers needed for 
an electrochromic window could dou- 
ble as a heat deflector and as an elec- 
trically heated defogger. 

But while full solar control eventu- 
ally may come to the family sedan, 
electrochromics may help keep the 
sun out of your eyes even sooner. Es- 
chewing the difficulties of building a 
full windshield, Gentex engineers re- 
cently demonstrated a fold-down 
transparent sunshade that adapts it- 
self to glare and twilight. And with 
another project, not limited to auto- 
mobiles, Gentex engineers may have 
developed the simplest solution of all: 
a pair of battery-powered electro- 
chromic smart sunglasses that go 
with you anywhere. Us 


Shoppers’ Showcase 


A selection of products and services for PoPuLAR Science read- 
ers available direct by mail. Enjoy the fun and convenience of 
mail ordering shopping. Please order directly from the adver- 


DAMA KG 


INTERNATIONAL, INC. 


Wy Tee] EXPANDED 
d SECURITY SYSTEM 


with inside siren, 
9 entry sensors, 
1 glass break sensor, 
4 adjacent window 
sensors, signal 
relay, lamp 
command, outside 
siren, 1 yard sign, E A 
2 window stickers, complete hardware and batteries. 
+ Intelligent home security system. * Detects intruder 
during entry. * Wireless for easy installation. 
* Difficult to defeat because of new, advanced technology. 
* Lamp command flashes lamp upon intrusion. 
+ Signal relay—relays entry sensor intrusion signal 
from a remote area of your home to controller. 
* Tamper resistant. 
* 85 decibel alarm on inside siren. 
+ Piercing 120 decibel outside siren. 


* Fail-safe batter 
accep ^! Mfr, Sugg. Retail: $809.99 


kow ban DAMARKS4 99% 


* Low battery 
Item No. B-2580-163661 


warning. 
+ Two Year Mtr. 
Insured Ship/Hand.: $15.00. 


CORDLESS 
SPEAKERPHONE 
FF1700 


* Range: approx. 1000 feet. 
with built-in range 
extending antenna 
+ 46/49 MHx duplex. 
* Cordless, integrated 
speaker-phone with 
volume control. 
* 2 separate keypads; 
one on handset and one 
in base. «9 number auto 
dialing plus auto redial. 
* Built-in two-way intercom 
with hold. 
+ 10-channel selectable. 
* Pulse/tone switchable, 
* Digital coded security. 
* Status-indicator lights. 
+ Includes three rechargeable 
nickel cadmium batteries. Mfr. Sugg. Retail if new: 
* Snap-out battery pack. $179.95 


* Color: Almond. 
DAMARK 99 
PRICE $ 7999 


80286 microprocessor, 
12.5MHz. 

* 40MB IDE hard drive. 

+ One MB RAM on 
motherboard, expandable 
to four MB. 

* One 5-1/4" 1.2MB floppy 
disk drive. + One 3-1/2" 
1.44MB floppy disk drive. 

* High resolution VGA color 
monitor, 640 x 480. 

+ IBM compatible. 

+ Two open expansion slots 
- 16-bit 

* One serial port. 

+ One parallel port. 

* One mouse port. 


* 101 AT style keyboard. + MS-DOS 4.01 with DOS Shell and 


GW BASIC. + Model #: GT212 44 IAV/3051 

+ One Year Carry In Manufacturer's Warranty! 

+ Factory New! 

Software included on hard 

* Eight in One, 
Word Publisher, 
Resume Kit, 
DOS Manager, 
Kidwriter Gold 


and more! Insured Ship/Hand.: 


A ALLT] ADE” TWIN-HEAD 
HALOGEN WORK LIGHT 


* Aluminum 
black- 
finished 


vertical height adjustment. 
* Tempered safety glass. 
* Waterproof on/off switches. 
+ 44" min. height extension, 90° max. 
* 120V, 60Hz power. * 3-position tripod legs. 
+12 tt. power cord. Head size: 5-1/2" x 7”. 
* Model. #: 781-L-1. + 20 Year Mfr. Warranty! 
+ Factory New! 
TWIN HEAD: 


Mfr. Sugg. Retail: $399. E^ 
DAMARK 
PRICE $ 89 Es 


Mfr. Sugg Retail: $3,200.00 


Paas {1992 


Item No. B-2580-161176 
19.00 


PORTABLE LAMP: 
Mfr. Sugg. Retail 


Mesas 


tiser. For advertising rates for this section, write or call Diane Pahl, 
Direct Response Manager, PoPuLan Science, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


THE "GREAT DEAL" CATALOG 


1-800-729-9000 


GoldStar „2$ AT computen 

with HIGH RESOLUTION 
VGA COLOR MONITOR 
and 40MB HARD DRIVE 


PHOTO, SLIDE, FILM 
and AUDIO MİXER 
TRANSFER SYSTEM 


Transfer all your 
photos, slides 
and film onto p 
video tape—even 
dub in voice- 
overs or 
background 
music all with 


this one compact 

Image Transfer 

System! 

* Transfers film, 

- slides, photos and EST tape. 

* Built-in stereo sound mixer adds voice overs or music 
to video. + Hooks up to stereos, VCRs, television sets 
and film/slide projectors. + Multi-coated macro lens for 
use with most camcorders. + Adjustable mini screen for 
film/slide projection. * Photo holder. 


* Collapsible 
Mfr. Sugg. Retail: $199.95 


table pod. $999 


* Model #: 
V-0770 WHF. 
PRI No, B-2580-153353 
Insured Ship/Hand.: $7.50 


+ 60 Day Mtr. 
PORTABLE QUARTZ-LITES 
Portable Quartz Light: + Factory New! 
* lluminates up to Telescoping Halogen Light: 
9,000 square feet. —  *500W halogen bulb. 
* 500 watt quartz * Adjustable pole extends. 
halogen bulb. from 41" to 64 
*Operates on any 120 — * Chrome grill with 
volt receptacle. tempered glass cover. 
+3 prong, 6 foot cord. — «U.L listed for wet 
* Safety wire guard. location 
* Dual aiming * Dim.: 25"W x 25°D x 
adjustments. 41°H. * Model #: L-19. 
+ Hinged door frame. + 1 Yr. Mfr. Warranty! 
ully assembled. = 
* Durable rust-proof 
aluminum. 
* Black matte finish. 
* ULL. listed. 
* Model #: EE38005G. 
*1 Yr. Mfr. Warranty! 


~~ TELESCOPING LAMP: 
Compare At: $89.95 


"Aes 499 


$59.99 


* Model #: FF-1700. 
* Factory serviced. 
"tern No. B-2580-150680 Item No. B-2580-160518 Item No. B-2580-160057 Item No. B-2580-160135 
Insured Ship/Hand.: $7.50 Insured Ship/Hand.: $9.50 Insured Ship/Hand.: $6.50 Insured Ship/Hand.: $7.00 


+ 90 Day Mfr. 
Warranty! 


Customer Service: 1-612-531-0082 


NAME 
ADDRESS. 
CITY 
PHONE 
CARD NO. 


SIGNATURE 
Send To: DAMARK International, Inc., 7101 Winnetka Ave. N., Mpls., MN 55428-1619 


ST ZIP 


in MN add 6% Sales Tax 
Check/Money Order Total S/H/I 


Copyright 1991 DAMARK International, Inc. GRAND TOTAL 
Ali rights reserved. 


EXP. DATE 


Build an Arched Roof for $1.50/st 


Plywood construction * Well insulated for all climates 
* Energy efficient è Use for Garage. Barn. Workshop. 
Classroom or . . . ? © 20. 25. and 30 ft diameters 
BUY ALL MATERIALS IN YOUR LOCAL STORE 
For 30-page easy-to-follow instructions send $14.95 to: 

KEY DOME ENGINEERING, Dept PS914 
P.O. Box 430253, Miami. FL 33143 
A worldwide do-it-ALL-yourself design company 


CABLE TV 
DESCRAMBLERS 

aty 1 10 20 
Jerrold (Type) SB-3 89.00 56,00 48.00 
Jerrold (Type) FTB-3 99.00 69.00 54.00 
Scientific Atlanta SA-3 99.00 69.00 54.00 
Hamlin MLD-1200 99.00 50.00 45.00 
Oak N-12 99.00 59.00 58,00 
Tocom 5501 169.00 139.00 125.00 
Eagle PD-3 119.00 64.00 60.00 | 


COMBINATION UNITS 
Jerrold (Type) DRX-3DIC 169.00 109.00 89.00 
Jerrold (Type) Starcom 6 279,00 239.00 209,00 
Scientific Atlanta 8535 229.00 209.00 199.00 
Scientific Atlanta 8580 299.00 269.00 259.00 
Oak M35B 99.00 59.00 49.00 
OTHER TYPES ARE OFTEN AVAILABLE | 

* We specialize in 
large quantity discount 
* Call us for pricing 
on 50 and 100 lot 
* We will not be undersold 
on large quantities 
* Please have the make and model 
number of the model you need when 
calling for information 


K.D. VIDEO 


P.O. Box 29538, Mpls., MN 55429 
TOLL FREE 1-800-327-3407 


Before You 
Shop!! 


Foley-Belsaw now carries everything for your 
woodworking needs! 


Before you shop anywhere else, be sure to 
check out our NEW Woodworkers Outlet Cata- 
log for the best products at the best prices! 


It's a FREE call to get your FREE COPY! 
Call 1-800-468-4449 TODAY! 


Or write us at- 

Foley-Belsaw Co. — Since 1926 
Dept.44168 
6301 Equitable Road 

Kansas City, MO 64120-9966 


Limited number of factory rebuilt units available 
Now, for a limited time, you can own the self- 
powered SOLO Radar Detector which requires no 
power cond — at a $50 savings. Thoroughly tested 
and re-calibrated at the factory to meet original 
performance specifications. Comes with complete 
accessory package, full one-year limited warranty 


and 30-day money- : 
back guarantee To Regular price: $345 


onder yours, direct Rebuilt price: 

from the manufacturer, $295. $4 50 shipping 
call now 

Order with your. Cincinnati Microwave 
credit cand. Call > Department 301641 
24 hours a day One Microwave Plaza. 


(OH residents add 5.5% tax) Cincinnati, Ohio 45249 


Make‘25to ‘100 per hour 
wih Badge A Minit 


Yes, it's really possible by making and 


selling bright colorful Badge-A-Minit 
buttons. Buttons are 

proven money-makers at fairs, 

flea markets, conventions, or 
anywhere people congregate 


They re fast and easy 
with Badge-a-Minit and 
inexpensive 

Send for a FREE Fu 
catalog or send for a 
Starter Kit, only $29.05 Sage 
plus $1.75 shipping (I E 

residents add $1.87 tax) 

BADGE-A-Minit, Dept PS491348 North 30th Ad., Box 800, 
LaSalle, IL 61301, Phone 800-223-4103 


FREE CATALOG! 1-800-345-8927 
JERROLD HAMLIN OAK ETC 


CABLE TV DESCRAMBLERS 


* Special Dealer Prices! » Compare Qur Low Retail Prices! 
* Orders From Stock Shipped 


Immediately! 
* Guaranteed Warranties & Prices! « All Major Credit Cards 
PACIFIC CABLE CO., INC. 
73252 Reseda, Dept. 1 heseda, CA 91335 
For all other information 18187088987 


TELESCOPES? WHY PAY MORE FOR LESS? 


B' Astronomical Telescope Complete. 
Ready-to-use. Only $275. Other sizes 
available. Send for free 34-page packet & 
telescope tester. 


COULTER OPTICAL, INC. P.O. Box K, Dept. P.S. 
Idyllwild, CA 92349 Phone (714) 659-4621 


FREE CATALOG! 1-800-648-7938 
JERROLD HAMLIN OAK ETC 


CABLE TV DESCRAMBLERS 


* Special Dealer Prices! » Compare our Low Retail 
Prices! « Guaranteed Prices & Warranties! 
e Orders Shipped Immediately! VISA/MC OK! 
REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd #15, Dept. 517 Las Vegas, NV 89109 
For all other information (702) 362-9026 


ON YOUR HOUSE 
THRU YOUR PHONE! 
Babysitters and Kids. Add 


err you cult Vol 


de -it doesn't ring 

n room while 
ot detected! Works like a 
p instructions on 


Laser Bounce Inc., P.O. Box 643, Oneida, NY 13421 


1500 sq.ft. home plans & fully engineered 
connecting hardware— $3250. Complete pre- 
Cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient. 
New 40-page color catalog & more— $12. 


Æ TIMBERLINE GEODESICS 


2015 Blake St., Berkeley, CA 94704 1-800-DOMEHOME 


DESCRAMBLER LIQUIDATION! 


FREE CATALOG! 
Hamlin Combos $44, Oak M35B $60 (min. 5), etc. 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


WOOD HEAT 


HEAT YOUR ENTIRE Home 


Call 1-218-326-6786 or Write 
NATIONAL SCIENCE & 


Charmaster® 


2307 C HWY 2 W. 
GRAND RAPIDS, MN 55744 


~~ National Science Foundation 
“18006 Street, N.W., Washington, DC 20550 


World's 
Largest 
Manufacturer 
Of Portable 
Sawmills 


Fout Models To Choose From 


1(800)553-0219 


In Indiana call: (317) 271-1542. 
Edge 44-page catalog or use 
your MasterCard or VISA 
to order our 50-minute 
demonstration video-$ 10.00 
Wood-Mizer Products, Inc. e Dept E56 
8180 W. 10th St., Indianapolis. IN 46214-2430 


‘Swiss International 
GOLD AND PRECIOUS METALS MERCHANTS* 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 
Purchaser becomes owner of goods received. 
All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your 
name and full 
‘Send to: Fax: (416) 727-7579 
(In Canada) 
SG. & PMM Ltd. 
Dept. A 


(InUSA) 

S.G. & PMM Lid 
Dept. A 

269 Portage Road 
Lewiston, New York 
14092 U.S.A 


MeN 1N4 Canada. 


^1 did $7,000 part time... think I should make about $20,000a | * Mail to: 
ear the way I have it planned." / FOLEY \ Foley-Belsaw Institute 
Gene Marvin em LS 6301 Equitable Road 
Shickshinny, PA SINCE 1926 Gee Kansas City MO 64120 
bes ee ee ee eee 


Now! Cash in on emergency shortages of 


qualified people in 4 fast-growing fields. 
FREE OPPORTUNITY KITS tell you how... 


There’s no obligation or cost to find out how to start 
your own profitable full—or part-time business— with 
little investment and zero risk! What do small-engine 
repair technicians, upholsterers, locksmiths and saw-and- 
tool sharpeners have in common? There are not nearly 
enough of them to keep up with the demand! 


Take locksmiths, for example. Did you know that there is 


only one qualified locksmith for every 17,000 people in 


America? The shortage of qualified practitioners in these 
four trades is creating inflated prices and big profits for 
those few who have the skills to take on these kinds of 
work. 

Now you can be among the lucky few. Foley-Belsaw 
has four easy ways to get you started in these lucrative 
fields — there's no better time to launch your own money- 
making business! 


ake your pick from four profitable businesses! 


Small Engine Service and Repair 
There are 65 million small engines in use today — but 
very few people qualified to service them. This is one of 

America's fastest 
growing indus- 
tries, and with 
Foley-Belsaw 

a training you get 
the skills to cash in 
onit! People will 
pay you top dollar 

M to service their 

J lawnmowers, 

E] tillers, edgers... 
the list is almost 


d Upholste 
Itis ird hat 

there are more than 

401,950,000 pieces of 

furniture in America 

that need re-covering 

and repair every five to 

ten years. Take this 

course and you can 

become one of the few 

craftsmen that indi- 

viduals and companies 

seek out to restyle and 

upholster these pieces. 

In no time you'll be 

making big profits upholstering, rebuilding and restyling 
chairs, sofas, love seats, automobile seat covers...any 
piece of furniture! 


NO EXPERIENCE NEEDED — SHORTCUT TRAIN- 
ING HELPS YOU TO LEARN QUICKLY AT HOME 
Foley-Belsaw's unique "hands-on" training approach makes 
learning easy. You gain skills quickly in your spare time at home 
—and you earn cash while you learn. Plus, you get “extras” 
other courses don’t offer—like a 100% money-back guarantee... 


: all the professional tools and equipment you need at no 


additional cost and step-by-step instructions on how to start your 
business. And all graduates receive the handsome Foley-Belsaw 
Institute Diploma, a symbol of achievement that's respected 
worldwide. 


i Locksmithing 
3 Never before have 
opportunities been so 
at for qualified 
locksmiths. With 
crime zooming, the 
lock and key business 
has multiplied a 
thousandfold. This 
Foley-Belsaw course 
P. gives you everything 
/ Ew] you need to start 
ay our own locksmith 
rd Soe usiness — including 
a Pro Key Machine at no extra cost! The work's easy, the 
money's good and the demand is skyrocketing. 


d Saw & Tool Sharpenin 

Here's a product that will get you into a business where 
90€ out of every dollar is cash profit! It's the Foley-Belsaw 
Sharp-All. It's so easy to 

use you can learn in an af- 

ternoon. There is a big 

demand for sharpening — 

contractors, carpenters, 

homeowners all need this 

important service...but 

there are very few who 

can provide it. This all-in- 

one tool makes you one of 

them. A complete manual 

provides allthestep-by- | 

step sharpening training 

you'll ever need. 


Send for your FREE OPPORTUNITY KIT today! 
Simply complete and return the coupon below: 


(Check one FREE KIT only) 


| LI Small Engine Service O Professional Saw 
&Repair, Dept. 51960 & Tool Sharpening, Dept. 20981 


la Locksmithing, Dept.11966 LÌ. Upholstery, Dept. 80689 
| Tunderstand there is no obligation and no salesman will ever call. 


CTT Titty | 


Classified Opportunity Mart 


Reach 4.4 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. June '91 Issue Deadline (on sale 
May 14th) is March 21st Rates: $11.25 per word. Min. ad 10 words. 
Darker type (Bold) words $1.00 per word extra. Display Classified: 
$625 per inch. Payment with order, or charge your Visa, MC, Amer. 


Exp, or Diners Club Account (give # & exp.) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising information call 800-445-2714. Fax #: 212-779-5568. 


CABLE TV 


DESCRAMBLERS 


STARGATE.... $99.00 


FREE FAST INFORMATION. 
YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 

M.D. ELECTRONICS INC. 


875 SOUTH 72ND STREET S. 
OMAHA, NE 68114 


ORDERS AND CATALOGS CALL 
TOLL FR 
1-800-624-1150 


C.O.D 
FOR INFORMATION PLEASE CALL 


(402)554-0417 


"rl 
7a) Sata. Gi NO COO ORDER NOW! WE LL SHIP TODAY! 
BLACKHAWK CAL 000-220-2323 or 8016150223 


CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 


Tum amd 


*JERROLD™ *TOCOM *HAMLIN 
*OAK *ZENITH 
*SCIENTIFIC ATLANTA 


6 month warranty! We ship C.0.0.! 
Lowest retail/wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109-E 
S.F., CA 94122 
NO CALIFORNIA SALES!!! 


ORDER TODAY! 1-800-327-8544 


If you rent iden lapes they're 
jamming you 100. 


el all c 
"Completely automatic no adjustments. 
* Digital state of the art. 

^ Works on all TV's, VCR's, Beta, Cable. 


EE Order toll free Ta 


1-800-624-1150 


es 


Call or write for your free catalog 
-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


Cable TV ç 
Descramblers | 


If you find a better deal, 
we'll better our deal. 
“Jerrold *Tocom “Hamlin “Oak 
“Scientific Atlanta “Zenith 
Ask about our extended warranty 
program. 


COD. Visa, M/C welcome. 
“ Fee Call — Free Catalog. 


video tech 800-562-6884 


ENERGY METER 


RELL MARE THIS PRODUCT TF [> 
YOU WANT US TO!!! It will 


Dorothy Ellis, Anne Rosenthal, Classified Advertising Representatives 


AUTOMOBILES 


double mileage, retains full power. Free 
tails, CARB-TECH. 1-800-667-1192 


FUEL CONTROL ADJUSTS CARBU- 
RETOR, AS YOU DRIVE. Better Mileage, 
Racing. Easy installation. Cagle 800- 
327-7501 


GET top dollar for your car. $5.00, 
Schrodt, Box 33, Lindstrom, MN 55045. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. 5-2002: 


SLICK 50 at a discount. Dealers wanted. 
1-800-747-9713. Independent Distributor. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Dept. S, Waldorf, Mary- 
land 20604 


PRACTICAL FUEL SAVING for Car- 

buretors and Fuel Injection. Free Details, 

le Research Inc., 1-800-663-4758, 1-604- 
426-7229. 


ts IT TRUE JEEPS FOR $44 
THROUGH THE U.S. GOV'T? FOR FACTS 
504-649-5745 EXT. S-8068 
GUARANTEED MILEAGE N- 
CREASE: Serine Guide - Devices, 
Lubricants, Techniques, $5.00. Joe 


Neaovich, 151 Constitution, Connoquenese- 
ing, PA 160: 


TIRED OF GASOLINE PRICES! Send 
$15.00 for plans for alcohol still. Included 
manual to save energy. Demanins Publica- 
tions, 3855 Langelier, Dept. 22A, Montreal, 
Quebec HIM 126. 


MECHANICAL Related Household Ti 
110 Ideas. Send $5.00 Taylor's, P.O.Box 
Franklin Park, IL 60131. 


DRUG SEIZED Mercedes, Fords, 


Porches, Vans, Trucks, houses: Seizures: 
Box 4309-YA, West Covina, CA 91791 


LANDSULEP NO POLLUTION 


PLANS NO CAS! 
axon PRANC ame / A AUTED DESI 


ALVUSTAALE SUL 
SATS TO PROPLE 


ANERICAN 


*ANTI-kNOCK / ENGINE & FUEL INJECTOR CLEANER 
"EFFECTIVE FOR ENGINE POWER AND FUEL ECONOMY 
"COST A FRACTION OF THE NAME BRAND BOTTLESI 

FOR FORMULA COOKBOOK SEND $9.95 « $ 3 (S & H) 
B.O. INC, P O. Box 741195, Houston, TEXAS 77274 


wer and sj 
4 hour recordi 


iE, plus greater 
Por free pe Ray call 


SAVE UP TO $6,000 ON YOUR NE: 
CAR! Fleet managers book reveals. j 


GOTIATING, MARK UPS and INVON 
SECRETS. ONLY $9.95! WTA, Box 220| 
St. Louis, MO 63128. 


SAVE MONEY ON GAS, AND Gi 
SAVERS: Many Devices Evaluated, Dia 
er Which Are Safe, Simple, And Most El 
tive! Buy Wholesale! Bet this Import 
Information! $3.00. Keeton Resea 
Company, Box 740665-S, Orange City, 
32774-0665. 


ELECTRIC VEHICLES CONV! 
SION PLANS! PARTS! MINICAI 
Specifications free. 3E, Box 19409-AJ, 
Diego, CA 92159. 


STALLING/"CHECK ENGINE" Lig! 
Any Vehicles Computer Tells Why. Cust 
Guidebook Decodes/Explains, $9. 


TECH-STOP™, Box 600, 128 Glenei 
Carmel, NY 10512 800-745-6768. 


AUTO SUPPLIES & EQUIPMEN 


ALTERNATOR Generator Rebuildi| 
Book. Price: Hedelund, 7505 Barkentii 
LasVegas, NV. 89128. 


SAVE MONEY Easy to use semiAu 
matic car washer send $10.00 for desi 
[xem Tuley Designs, 8545 So. Kilbou 

hicago, IL 60652. 

SUPER SHAMMY. Large 27x20" Su 
Absorbent. Soft but durable. A $10.00 val 
for $4.00 each. 3/$10.00. K.T. Marketi 
P.O. Box 90313. Lakeland, FL 33804. 


BETTER HEALTH 


LUTANTS DEAD, EFFE 

TIVELY ELIMINATE, Smoke, Chemi 
Gases, Odors, Bacteria, Pollens, Mold 
Home or Business - send $5.00 for infor 
tion on Hi-tech breakthrough, PREMI 
05 St. East, Ha 


PREVENT, relieve VDT health pr 
lems. “Fitness at the Terminal" $4.00. St 
Mech P.O.Box 10160, Pittsburgh, | 
1523; 


LOSE Weight, Live Longer, Natural P. 
ram $1.00, Stevens, 5561 Cedarwood £ 
ior Lake, MN 55372. 


BOATS, MOTORS & EQUIP. 


EVINRUDE—OTHER BRANDS 19i 
BARGAINS .. . All Sizes . . . $2.00 Ha 
dling. Scott McCulloch parts ... Elect 


Marine, 610 Merrick Road, Lynbroc 
New York 11563. (516)599-3003, 


. UNDER $2000. Hovercr 
Airboat Plans, Parts Catalog $1. Univers 
Box 281B Cordova, IL 612: 


Unearpsosedl selection, 168-prge 
BOOK - $4.00 AIRMAIL. GLEN-L. 91 
Rosecrans, Box 1804/PS1D, Bellflower, € 
90706. 


ALTERNATE ENERGY 


you, ark Soler Becht at the vaya ie 


$3 for our ex; 
of New "Surplus Solar lectric ere pae 
celis, inverters, controllers, books, 
related technology for independent pore 
APPLIED PHOTOVOLTAICS 
Box 2773, Staunton, VA 24401 
"Bringing the cost of Solar Electricit 
9 Gown locant" dá 


ALTERNATE ENERGY (Con't) 


FREE HYDROGEN FUEL and OXY- 
EN from water. Generator uses solar cells. 
lans and Kit $15.00. Prairie Power, Box 
191, Edmonton, Alberta, T6H 2W6. 


ENERGY SAVING PLANS Home, Auto, 
usiness, Solar, Wind, Geothermal. Free 
fo. SASE. ENERGY, 155 Augustine Ave., 
harlestown, WVA 25414. 


SOLAR Collectors, Hydropo VES 
nhouse Control. Send Der 
bora 


(OLIN SOLAR ABSORBERS. New 
96 copper roll bond. Red Bud Industries. 
18) 282-3801. 


|250 ELEGANT ECOLOGICAL TECH- 
LOG! 


NEW! BUILD AMAZING LIQUID PIS- 
DN ENGINE from pipe fittings. Easy 
lans. Free information. ABCO, Box 306-S4, 
minary, MS 39479, 


PLANS Hydrogen Powered AUTO, 
5.00, Hydrogen GENERATOR $15.00, 

irogen Information BOOKLET $15.00. 
| Three $35.00. HYDROGEN P.O. Box 
1, Troutdale, OR 97060. 


GET Oil for Pennies and Protect the Envi- 
mment. Details on Recycling Waste Oil. 
end $2.00 to the Fuller's Co., P.O. Box 
3101, St. Petersburg, FL 33743. 


WIND GENERATOR. Build your own. 
ideo instructions $33.00. Ribics Enter- 
rises, 4310 W 28, Spokane, WA 99204. 


WIND, HYDRO, SOLAR ELECTRIC 
ystems. Composting Toilets. Electric Trac- 
irs. Super-Efficient Li ighting, Refrigera- 
irs. Catalog $3. Windpower, Route 1P, 
olton, KS 66436. LOWEST PRICES! 


WINDMILL Plans Alternating Current. 
formation $5.95 Moody’, 148 S. Washing- 
in, Bloomfield, IN 47424. 


PHOTOCOMM 
#1 In Solar Electricity 


Photocorh is responsible for more solar electric 
systems than any other American company. 


‘Contact Photocom for all your solar electric needs. 


Order our all new 1991 Design Guide and Cata- 
log. Pay only if satisfied. 
Call TOLL FREE 
1-800-223-9580, ext. 16-P 
Or write: PHOTOCOMM, INC. 
Dept 16-P, 7681 Gray Road 
Scottsdale, Arizona 85260 


INTERNAL COMBUSTION ENGINE - 
ewly Developed Engine, Unique In Every 


erformance And Engineering Category 
saturing An Automatic Variable Compres- 
on Ratio And Multi-Fuel Capability. Low 
eight, High Torque For Information Call 
800-835-4923. 


Detailed book with giem p plans. Includes 


Send $80 to: 
GLOBAL ENERGY, P.O. BOX 5617, MAD- 
ISON, W1 53705. 


AIR GUNS 
AREMAN ADAT AIRGUNS! t maa 
st accurate and 


production s ai 
E 


Sales Unequalled tig 
Brani ownership pride, quality. 
Also: pointed, hollow point, extra heavy, hi- 
velocity, and 'match pellets. Free 104 page 
Guide/Catalog. Add $3.00 for fast mail. 
Beeman Precision Arms, 3440-PSC Airway 
Dr. Santa Rosa, CA 95403. (707) 578-7900 
(24 hours). 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


(21-years-old and over, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


ARTS & CRAFTS 


“GETTING Started In Stained Glass’ 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02339. 


Create elegant stained glass ornaments, 
gifts and other beautifut items. 

from a full line of glass, bevels, tools, 
kits... Everything you need. Write 
today for your free stained glass catalog 


AmeriGlas, Dept MPS104, Box 27668 
Omaha, NE 68127-0668 


ASTRONAUTICS 


30.ANTIGRAVITY METHODS! Amaz- 
ing Catalog: Send $2.00. Rexco, Box 19250, 
Jean, NV 89019. 


IDE: 'TRIC VEHICLES, AL- 
IRNATIVE ENERGY. Plans, sources 
ree Information; K-Grafx, POB 88-PS, Oak 
un, CA 96069. (916) 472-3048 


“SOLAR HYDROGEN FUEL CELL’ 
lans- $20.00. Imageware, 846 Jackson St., 
anta Clara, CA 95050. 


MIDEAST OIL 


INDEPENDENCE, 
reenhouse effect stopped. Specific private 
aterprise solution. You act, you benefit. 
eport $6.00. SOLSAT, Box 5508, Titusville, 
L 32783. 


HELIOPOWER SOLAR LANTERN 


PV technology draws on t 
SUN ENERGY end Senda on 
aposatie banen 


YOUR COST is ONLY $89 
PLUS $4 Shipping. 
DISCOUNT PRICES ON $85, 
HYDRO. WIND ENERGY EQUIPMENT & ACCESSORIES 
SEUEAGENGY MEDICAL SUPUESPUOSTATS BANDAGES 
AQUA CULTURE 20 YR - STORABLE FOOD #20 PURIFIERS 


$3.00 (FREE WITH ORDER) 
CK OR MONEY ORDER 


TO: SELF-RELIANCE, Dept 
P.o. BOX 306, FLORISSANT. MO 63032 


PRIVATE ENTERPRISE SPACE VEN- 
TURE. Report $5.00. MacEndree Box 2154, 
Concord, NH 03302. 


BUILD ROCKET MOTORS. 900 LBS. 
T ALTITUDE 15,000 FT. $3.00 
brochure. ASE, P.O. Box 80093, Athens, GA 
30606. 


AGENTS WANTED 


100 HOLOGRAMS $19.95. DIS- 
TRIBUTOR PACK, UNIVERSAL 
HOLOGRAMS 306 PEARL AVENUE, 
SARASOTA, FL 34243 


BUSINESS OPPORTUNITIES 
804 MONTHLY! Bi in spare- 
time! Revealing proof! White: CODEX, 307 
jak aiT TX 77546. 


TAKE PICTURES for yit it ioe 
Ventures, Box 771, Lamara, CO 8; 


n AMOALEN inclined individuals 

desiring High Weekly Profits operating 

Banus Without In- 

vestment write: Businesses-P, Box 9008, 
Baldwin 11510-9008. 


AUTO BATTERY RECONDITIONING! 
(EASY). EARN HUNDREDSSS WEEK- 
LY" TRADE REVEALED! 
(FREE) INFORMATION! BATTERY 
OUTLET, BOX 3300PS, HICKORY, N.C. 
28603-3300. 


RECYCLE METALS, NO, NOT BEER 


CANS! $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-1214. 


$392.00 FROM Square Foot Plywood 
Huge Demand! Revealing Proof $1.00 (Re- 
1 575 end ‘Bridgewster, Mass 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
Box 5529-Y, Diamond Bar, CA 91765. 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


$200 $500 weekly AT HOME!! No 

immicks—Details FREE! Homeworkers- 

, Box 32397. Palm Beach Gardens, FL 
20. 


$975. DAILY POTENTIAL! Amazing. 
Concept 900 Phone Line. Free Setup. Hu 
Profits Via $10/Calls. Make Thousa 
Sneak preview uncommon program, dial 
1-900-420-8253. Write: Phonelink, Box 801, 
Southeastern, PA 19399. 


PIANO TUNING ACADEMY 127178 
Germania, Alexander, AR 72002. TUNING 
REPAIRING REBUILDING. 


MAKE $50/HR WORKING EVE- 
NINGS OR WEEKENDS in your own 
electronics business. Request free facts. 
MJES INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


$25,000 MONTHLY Taking Photo- 
graphs! Work only 5 hours weekly! Call re- 
corded message: (303) 674-8155. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 
Bui the best giant screen projection TV for home or high 


profit with lenses and screens utilized by SONY, ZENITH 

SYLVANIA. and MAGNAVOX! Simple construction! Mus- 

trated information. Profit plan, and complete parts catalog 
Money back guarantee! Earn $100,000 yearly 


POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


MAKE HOMEMADE BOOKLETS. 
FVE EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
E Dasher, P.O. Box 5320, Sevierville TN 


LET THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message: 
707-448-0270. (G6) 


Jobe H HELP WANTED ) Jobe 
* PARTIME * ANYTII 

THBWORE AT AT HOME JOB DIRSCIORY 

p 


iG MONEY REPAIRING 
S AND plate glass! Up to 
$75,000 yearly! Call TOLL- E USA & 
CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE report. 
Glas-Weld Systems, Box 5755 C2, Bend, OR. 
97708. 


$40,000 ON 4/3 ACRE! New hydro- 

nics - inexpensive, pleasant, practical! 
ree information. Planters, Box 1214, 
Franklin, TN 37065-1214. 


ADVERTISE free in 550 Magazines. 
po Directory, Box 11W, Atlanta, GA 
01. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S/CANADA 
OR WRITE: GLASS MECHANIX INC., 
10170NW 47 ST., SUNRISE, FL 33351. 


HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 


CRAMPED FOR SPACE. 
Desk Plans $5.00 Refundabl 
Box 96, Booneville, AR 72927. 


os DAILY “CHROME PLATING” 

PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Waldorf, Maryland 
20604. 


Get Hide A 
Desk, Rt. 3, 


FORMICA: Repair Burned and Damaged 
Counterto| WITHOUT REPLACE- 
MENT! Quick, easy to $600/day. Change 
Countertop Colors WITHOUT REMODEL- 
ING: An br 206/256-9742. Write 
today to RENEW-ALL, BOX 9900-SS, Van- 
couver, WA pos 


EARN $500 weekly mailing letters. Free 
Details, Omega, Box 4309-YF, West Covina, 
91791. 


SPARE Time Fortune in Vinyl Repair. 

luge demand. Exceptional profits. Every- 

thing supplied. Details free. VIP, 2036 
Montrose, Chicago 606; 


CHANGE YOUR LIFE: Start Profitable 
Home Business. FREE INFORMATION: 
Cloverleaf Books, 11201 Colorado Street, 
Clinton, Maryland 20735-4008. 


T-SHIRT PRINTING MACHINES. We 
manufacture professional single and multi- 
color screen printing equipment. Inexpen- 
sive, Brochures, Info pack $1.00 (refund- 
able). Catco, 12201 35 St., #538PS, 
Coral Springs, FL 33065. 

SAVE MONEY! GET THE HOW-TO 
BOOKS YOU WANT, Without Joining Any 
Club! Example Titles; nver- 
sions, Performance With Economy, and 
More Selections Just $12.95 Each. SATIS- 
FACTION GUARANTEED! Get Catalog 


and $2.00 OFF COUPON Send $1.00 
To: IES PUBLISHING, P. O. Box 116, MT. 
CLE! , MI 48043. 


*1 MONEY MAKER Spare Time! No 
selling! No inventory! Publicly documented 
income to $20,000 in seven weeks! Free au- 
dio cassette and report reveal eve thing! 
Write: Real Money, 206-KPS North 
Ojai, CA 93023. 


MILLIONAIRE ME eem Re- 
veals Money-Making , exciting 
Bourn cte MEIN Foween Nos Holle 
wood, California 91609. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27712. 


EARN full time income with 
effort. Unlimited potential. (619) 759- 1323, 
24 hours. 


BUMPERSTICKER PRINTER. E 
simple, portable. Free details. Bumper, PO! 
22791 ( ), Tampa, FL 33622 


SCREEN PRINT T-SHIRTS. Inex] 
kits. Free Details. Me PO Box 239 23991 
(LLC). Tampa, FL 336: 


FREE “WEALTH SECRETS”. 576 Re- 
ied Entrepreneurs-PS4 Box 291332, 
wie, FL 33329. 


AWESOME AND LEGAL. HOW YOU 
CAN MAKE UP TO $1000 PER DAY 
OUTDOO! FREE DETAILS. Sierra, 
Box 1850.B, Grass Valley, CA 95945. 


LASER-CUT PHOTO SCULPTURES. 

Dealerships $6,900. Enormous Profit Po- 

nda: Free Information. 1-800-288-8773 
xt 35. 


98,765 CATALOGS 


SOURCES FOR EVERYTHING! 
75,950,000 Sizzling Moneymakers 
Photographed! 


CATALOGS, Box 14107-D3. Jackson, MS 39236. 


THOUSANDS MONTHLY IN SPARE 
TIME. For COMPLETE Details send 
$11.95 To: Pellom, Box 742, Sandy, UT 
84091. 
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BUSINESS OPPORTUNITIES (Con't) 
READ BOOKS for y! No exp. Cell 
900-847-7878 ( /min) or Write: 
PASE - aam, iel deed North Au- 


rora, IL 6054: 


SUCCESSFUL MAILORDER EX- 
PERT shows plan for total Pint ie 
indence. Proven and guaranteed. Send 
T2995 to: Delgambi Tne 12 1289 E. 55th St. 
Brooklyn, NY 11234. 


CASH in on the HOTTEST Multi Level 
Marketing opportunity of 1991. Work from 

me. No experience required. Earnings of 
$200,000 + ible. FREE information: 
Royal Productions, Lock Box 21408, Wood- 
haven, NY 11421-9888 


$3,000/WEEK. Distribute self installed 
RATTLER Auto alarms. LOUDMOUTH 
home alarms. (702) 870-3727. 


EXTRA MONEY - TURN YOUR HOBBY 
INTO $$$! Report: $3.00. ZJ Enterprises, 
484 South Broadway Suite 116 Yonkers, NY 
10705 


you want success in your own home 
business? Free information. Wells Publish- 
ing, 2511-B North Queen, Kinston, NC 


Daily! Taking Phone Orders For 
Opportunity Publications. 800-634-8892. 
Porn 


LEARN VCR REPAIR AT HOME FOR 
ONLY $39.95. Video reveals the ten most 
common problems that anyone can learn to 
repair Send $39.95 to Enrico Pompei, 2 Blos- 
som St. Bradford, MA 01835. 


WHICH One Of These 100 Opportunities 
Are For You? Free Book 1-213-964-2311. 


EARN $20,000 + Mail Order Business, 
Details SASE $1.00. K&K DEC., Box 241, 
Damascus, MD 20872. 


MAILORI OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Free book. Mail Order 
ciates, Dept. 753, Montvale, NJ 0764: 


iow 
SELL FOR 2,000% PRI 
mation, GROWBIZ, Box poen Seminary, 
MS39479. 


QET PAID for mailing letters! No ex 
Write: PAASE - EC8, 161 Lemay, Nort! 
Aurora, IL 60542. 


SELF EMPLOYMENT Riches. Write 
Success-PS491, Box 586, Ellicott City, Md 
21043. 


(AS SEEN ON TV) Earn a good monthly 
income processing FHA mortgage refunds. 
ONLY BERIOUS INQUIRIES PLEASE! 
1-(800)235-5342. 

DRUG RAID SEIZURES! Dirt cheap. 


Cars, houses, boats, computer. Seizure: Box 
4309-YD West Covina, cA 91791. 


MAILORDER DEALERSHIP gives you 
cash mailing list and free i details 
$2.00. Plus SASE. WTELEC, 305 E. Naper- 
ville, Westmont, IL 60559. 


BECOME A REAL ESTATE AP- 
PRAISER. HOME STUDY. FREE LIT- 


ERATURE. 600-362-7070 DEPT. 
RE109. 
ALUMINUM SCRAP—Recycle Yourself 


—MAKE UP TO $25.00/POUND! FREE 
INFORMATION Industrial - PS491, Box 
127, Alexandria Bay, New York, 13607. 


FREE REPORT - “How To Get Big Dol- 
lars In Your Mailbox Everyday" Call 24 
hour recording 617-695-7256 ext. 10991. 


MAKE $500: DAILY IN HOME- 
BA! ii MAROC I have, 14 years 
You can too. (Free) proof: 
AAN 1001-F 14th, Cody, WY 82414 


EXCITING Home-mailing Business Op- 
portunity. Unlimited Potential. Proven Suc- 
cessful. Details Free. Send SASE: Home- 
workers, 11708 Morningmist, Columbia, 
MD 21044. 


IMPORT-EXPORT ity, profita- 
ble world-wide, mail order business from 
home, without capital. We ship plan for no 


risk examination- Eepe unnecessary 


rt. Mellinger, 
land petu California $ 36; 


ADVERTISE FREE, 700 Magazines, 
Instructions, Guaranteed, $7.95, FS, Box 
298-H, Oliver Spring, TN 37840-0298. 


HOME BUSINESS man ORDER 
SUCCESS BOOK. DETAILS. BONANZA 
DISTRIBUTING-PS491, PO BOX 147, WA- 
TERTOWN, SD 57201 


WANT to make $1,000's weekly and be 
our OWN BOSS? FREE information, 
Lec, Dept. PS491 P.O. Box 3696 Williams- 
port, PA 17701. 


FREE 24-pg catalogue. Books not sold in 
bookstores. Money making! Money Saving! 
Send $1.00 foc poste (Refundable). Sunset 
CBE. 1651 ‘Couvrette St-Laurent, 
Quebec Canada H4L 


4T7. 


'LOCKSMITHING”. Huge 
$155 Daily. Easy. Ordi 
FREE Information: Locks, 
field, Fl. 33442 


ACT NOW. Order business plans guide- 
lines and tips for success. Own any small 
business you choose. Send $10.00 to KML 
Enterprises, 3 Rolling Hills Dr. E. Bridgewa- 
ter, MA 02333. 


$375 Weekly From Home! Mail our “l 
Advertisements Nationwide! -Universal 
(#318), Box 558027, Chicago, IL 60655. 


HOME Mail Order Business $40.00 per 
hour, Send Stamp or $1.00 for Cassette 
Southwest, PO. Box 1221-P, Sun City, AZ 
85351-1221. 


START your own t-shirt business. No 
overhead. Complete details $5.00. Rabbit. 
Marketing Box 871, Reisterstown, MD 


Demand. 
Meth 


Xx dk Deer- 


START YOUR OWN 900 Program: 
$8.00. 900 INFO-PS, Box 11733, 
City, MO 64138. 


BOOKS & PUBLICATIONS 
MANUSCRIPTS Wanted, all types. 


Publisher with 70-year tradition. 1 
695-9599. 
FREE, interesting illustrated self- 


improvement book. Catalog Hollywood Book 
Company, 4710 South Western Ave., Los An- 
geles CA 90062 


SA MONEY ON PROPERTY 
TAXES! $10.00. Hometax, RR2, Site 10 
Comp. 40. Westbank B.C. VOH 2A0 Canada. 


SUCCESS! How to accomplish. 
in i. Act now to recive guaranteed cop, 
$12.95, CB PUBLISHING, Dept. Dept. 401 
Hewett, Wyncote, PA 190985. 

MORE MONEY - GUARANTEED! 
Millionaire reveals Money - making concept. 
Easy to read. "The Money Book”. $6.95, Box 
915133A, Longwood, FL 32791-5133 


AVIATION 


an» vor ow HELICOPTER ! 


Take-off ftom we backyatd to open skies! 


WHAT docs a BOEING 747 AIRLINE 
‘CAPTAIN license look like? Rush $7.95 for 

our personal reproduction to Captain 
Rodac! Box 289, Spencerport, NY 14569 


ROBOTIC AIRCRAFT-UAV/RPV, aer- 
ial video/photo, surveying + economical so- 
lutions. Info $4., Photos $9., VHS Demo $29. 
Chapy Corporation, Sierra Madre, CA 
91025-0601 (818/358-2929) 


HOBBY HELICOPTER Ultralight True 
Helicopter-Conventional Helicopter 
controls. Simplified construction—Motor- 
cycle or Rotax engine. Information: $5.00: 
POLYNOVA, Due PS, Saint-Remi, Que- 
bec Canada JOL 2! 


HOMEBUILT ROTORCRAFT maga- 


555 
Zuni BE SE, ; Albuquerque, NM 87108 0s) 


BUY IT WHOLESALE 


400,000 BARGAINS Below Wholesale! 
Many Free! Liquidations Closeouts! . . 
Lots ... Single Samples. Free details 
bored ri c Box 1409-B, 


CLOSEOUTS! Wholesale! Overruns? 
Freebies! Information (stamp): DDN. Box 
20152-G, Ferndale, Michigan 48220. 


$99 buys New Color TV or VOR wire- 
mote, Wholesale clubmembers only. Free 
membership application, TSI, Bax 3043, 
Skokie, IL (708) 674-7888 


CONSUMERS get household and office 
products at WHOLESALE PRICES. Free 
details. MJWC, 1101 River Road, Cinna. 
minson NJ 08077. 


BICYCLES, ETC. 


RECUMBENT BICYCLES, 24 designs 
illustrated $5.00. P.O. Box 73, Mercer Island, 
WA 98040. 


COMPUTERS 


BUILD your own Macintosh and save 
50%. New book shows how. Free info 
Brant's, Box 68708, Portland, OR 97268. 


BUILD your own MACINTOSH com- 

lete instrüctions/sources list $9.99. Step-By 

videotape $19.99 Both $24.99. Colby 
Systems, 2991 Alexis, Palo Alto, CA 94304. 


CLONES AT WHO! LE. Call 
1-800-229-8003. DS Squared Inc. Robbins- 
ville, NJ 08691 


AMAZING moneymaker! Turns 3.5" dou- 
ble density into high density disks instantly! 
Free details: Medco 6344 Fall River, Sacra- 
mento, CA 95824. 


| Ultralight Helicopter 


| ~ Pilot License Not Required - 


New 
Development! 


|g PAY, YOUR BILLS! Earn $! Fast! Details 
$1 + SASE: Enterprises, 1281 Brookside Dr., 
Danville, CA 94526. 


| FIRST TIME OFFER! Profitable Home 
usines Opportunity. Send $3.00 (Cred- 

ited) For Color Brochure/Details. J.T. Enter- 

prises 152 W. Jessie, Willcox, AZ 85643 


MY JANITORIAL COMPANY 
GROSSED $100,000.00+ IN 1990; I 
STARTED FROM SCRATCH JUST FIVE 
YEARS AGO! Information $5.00 (refund- 
able) Arizona Office Maintenance, 1955 
bic Grant Road, Suite 125, Tucson, AZ 

145 


wag Were, 


IMICROUGHT*COPTER II [;; 


PLANS $15.95. 
$3 (SBN): Foregness 


Baro. 


P.O. Box 27158). Austin, TX 78755 


DISCOUNT COMPUTER SUPPLIES. 
Diskettes, Printers, Surge Protectors, 
Switch Boxes, etc. Catalog, $3.00: Scape 
Computer Products, Box 130278, St. Paul, 
MN 55113. 


6,000 IBM public domain programs. One 
CD-ROM disc, 600 meg. Send $39.95 to: S&S 
Enterprises, Box 522, Lemont, IL 60439. 


CB RADIO 


POLICE—FIRE SCANNERS, 
MARINE 2-WAY, ANTENNAS, HPR, 
BOX DENVER, CO 80219. 


FM TWO WAY CATALOG $2.00. 
RAYS, BOX 14862, FT WORTH, TX 
76117-0862. 


CABLE EQUIPMENT 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & man 
others. "New" MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 
D-Rue Drive, Eagan, MN 55122. 


ces | 


~ Job | 


CABLE TV BOXES, We sell only the be: 
low prices, we ship COD. $2.00 for catald 
Ace lucts, P.O. Bor. 382, Dept. S, E 
ME 04072, c 8002340 


CABLE TV 
“BOXES” 


Converters—Descramblers 


Remote Controls—Accessories 
* Guaranteed Best Prices 
* 1 Year Warranty—C.O.D.'s « 
* Immediate Shippit 
* FREE CATALOG 
Call or Write 


TRANS-WORLD CABLE CO. 


CABLE TV Converters and 
Bargain Headquarters! Jerrold, 
nith, Hamlin, Scientific Atlanta, Oak ^ 
Only $60. atalog. GCN. 1032 Irvin 
ST #109, SF, CA 94122. Order Now! Visi 
MC/COD 800-327-8544. 


CABLE TV conv. ambles 
wholesale club! We specialize in dealer i 


Our low 10 lot prices: Jerrold 400DRX3DI 
$95.00, Zenith Ztac $150, Many othei 
Video-Tech, 3702 S Virginia St #160-304 
nee 1 Ny 89502. Call today! visa/mc/a 


CABLI ERTERS 
SCRAMBLERS p Jerrold and 
Atlanta. Low prices, one year warranty. 
ship COD. Bay State Electronics, P.O. Bo! 
103, Boston, MA 02188 1-800-359-9806. 

DESCRAMBLERS, Converters, Li rs 
EST PRICES. CNC Concepts Inc., P.C 


Box 34503, Minneapolis, MN 5543 
1-800-535-1843. 


CONVERTERS ALL MAJOR BRANI 
INFO + ORDERS 1-800-782-0585: 
FREEWAY INC. (s.m.p) P.O, 5036 Burn: 
ville, MN. 55337 No MN. Sales 


CABLE T.V. 
EQUIPMENT Wowmr 


Quantity discounts. 60 Day Warranty. Shipment| 
within 24 hours. Stamped envelope (50€) lor FREE| 
catalog, C.O.D. orders accepted. No Ili 


L&L ELECTRONICS, INC. 


) Orders 1-800-542-8190 
YEARS OF CUSTOMER SATISFACTION! 


tate and Federal awe re 
V'equipmen Consul your 


CABLE TV SECRETS —the outlaw pul 
lication the cable companies tried to bar 
HBO, Movie Channel, Showtime De 
Converters, etc. Suppliers lis 
included. $9.95. Cable Facts, Box 711-Ps 
Pataskala, OH 43062. 


PO Box 26 * Wood Dale, IL 60191 
(708) 766-5222/Fax (708) 766-526! 
Call CST Mon.-Fri. - 9-5 / Sat.-10-2 
JERROLD * SCIENTIFIC ATLANTA 
OAK * ZENITH * HAMLIN * PIONEEI 
Converter Only * Hand Helds 
Ch. 3 Filters + 3 Ft. Jumper Cable 
VISA/Mastercard C.O.D. 
Orders Only 1-800-735-5912 
10 Yrs. Experience 
6 Mos. Warranty 
(NO ILLINOIS SALES) 


ESJISJISIIS 


! SUPER MINI TBC DE 
SCRAMBLERS. 1+ $99, 10+ $70 
1-800-487-CABLE. 


AR SCIENCE APRIL 1991 


CABLE EQUIPMENT 


Yon't) 


NAS 
CABLE BOXES 


FREE CATALOG 
1-800-848-3997 


Jerrold + Scientific Atlanta 
Many Others 
1 Year Warranty + COD's 


es -- EE 


CABLE DESCRAMBLERS 

OAK M35B COMBO $39.95 

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer] 

& MORE! OUR PRICES ARE BELOW WHOLESALE! 
CABLE+ PLUS 

14417 Chase St. #481-M, Panorama City, CA 91402 


1-800-822-9955 * Other Info. 1-818-785-4500 
NO CALIF. SALES — DEALERS WANTED. 


DESCRAMBLERS. Complete cable de- 
scrambler kit $39. Complete satellite de- 


xrambler kit $45. Assembled units also. 
Free Catalog. MJMS INDUSTRY, BOX 531, 
BRONX, NY 10461-0208 


CABLE TV DESCRAMBLERS 
* CONVERTERS * 


PANASONIC, JERROLD, OAK, 


PIONEER, SCIENTIFIC ATLANTA 
AND MORE. LOWEST PRICES. FREE CATALOG. 


CABLE READY 
COMPANY 


(800) 234-1006 


CABLE TV 


DESCRAMBLERS 
ALL TYPES 800-582-1114 


FREE CATALOG 


M.K. ELECTRONICS e 7958 Pines Blvd. 
Suite 276 e Pembroke Pines, FL 33024 


DO-l' 


ARROWHEAD Maki: 
$3.50. Commons, Box 
Point, OR 97502. 

51,000 CATALOGS listed. Sources For 
Anything! $5.95 CATALOGS. Box 92452X, 
Atlanta, GA 30314. 


QUARTZ CLOCK MOVEMENTS and 
lies! Low Prices! Yankee Ingenuity, Box 
, Altus, OK 73522. 


ant HELICOPTERS 


7 Models 


'OURSELF 


VHS $29.95 SH 
12-PS, Central 


* HOVERCRAFT 


Box 391-A 
Towanda. KS 67146 


BUGGED? WIRETAPPED? Find out 
fast! Countermeasures equipment catalog 
$1.00. Capri, Box 589S, Bayfield, C0811122 


TELEPHONE LISTENING DEVICE 


Se 47-725 1000 or wend 519.35 o 53 00 
Sipping per item to: USI Corp. PO Box 
32902 


95-2082, Matbourme, FL GoD»Ok. lxx" 


200 SUPPRESSED/DORMANT IN.” 


VENTIONS! RARE INFORMATION 


DATABASE CATALOG! $2: REXCO, BOX 
19250, JEAN, NV 89019. 


SURVEILLANCE 
TELEPHONE 
Monitor room conversations $175.00 
Monitor room & telephone $275 gg 


Dialer tap, calls you when phone is used. $305.00 
Available in the telephone or small plastic case. 


DON'T THROW AWAY THAT USED 
PIER OR PRINTER CAR 


yoursel L IT [uwor COPIERS 


SURVEILLANCE - COUNTERSUR- 
VEILLANON! ¢ Guaranteed Lowest 
Prices! 00 (Refundable). 


PROTECTOR, Cox Bo0294-A. Salt Lake 


* Colorful and Brilliant I 

* New Safe Low Voltage Technology 

* Produces Constant or Controlled 
Flowing Motion of Neon Light 

* Responds to Sounds, Music, Etc. 


-READY TO USE PRODUCTS- 

PFS20 - PLASMA FIRE SABER - Controtabie energy 
length for bizzare special effects. $5650 
DPL20 - MUSICAL NEON/DANCING PLASMA - Moves 10 
mus and sounds $6350 
DNEIO - DECOR HI LITE NEON - Mufdcolor stks of ite. 
for the home eic speciai effect ighting $4350 
STIKO - OUTDOOR STIK NEON LIGHTING - For landscap- 
tng enhancing ~ a beauntul concept in hgrong — $4950 

CUSTOM BUILD YOUR OWN DISPLAY 

USING OUR MODULAR COMPONENTS 
PLUS20 - MINI SINGLE ELECTRODE ENERGIZER — 
ignites up to € of tubing. s1950 
 CONTI0 - MINI PROGRAMMABLE CONTROLLER - 
‘Adds mation to above (3) PLUS29'S - includes audio 
modulation input $43.50 


MIMO - MUSIC IN MOTION - Sets up t 40 fet of neon 

tubing into “monon” using music fom stere or rado. Great 

for entertainment centers or large home cesplays..$79 50 

NENIO - MEDIUM POWER ENERGIZER - ignites up to 

40 of tubing. Single or da electrode $3950 

READY-TO-USE NEON TUBING 

Use with energizers and controllers above 

Connect in senes or paralel tor dierent stapes and sizes 
NE25 ~ 26° Length of neon tubing (spect color).$16 50 
NEIG - 16° Length of neon tubing (specify color). $14.50 
AVAILABLE COLORS: STARFIRE RED. PHASOR GREEN 

PHOTON BLUE & NOVA PURPLE 

Complete isting of products. ts. parts & accessones for 
the specia display Dalder or designer avatabie FREE with 
order or send $1 00 to: 

| SCIENTIFIC SYSTEMS 

Dept N1, PO. Box 719, Amherst, NH 03031 


VOR BROKE! FIX IT! New trai; video 
shows you how. Save $$$. FREE details. 
IDEOTECH, Box 338-D, LaBrae, 


BUILD MODEL PLANETS. Easy 
construction, painting. Plans $8.00. 
ALCO-TECH, Box 217, Slave Lake, 
Alberta TOG2A0 

EAVESDROPPING MANUAL and cata- 
log $3.00. SCANNER MODIFICATION 
MANUAL and catalog $10.00. RF PROD- 
UCTS, Box 1084, Montgomery, Alabama 
36101 (205) 244-2050. 


AMAZING 


SCIENTIFIC & ELECTRONIC 
PRODUCTS 


a mw Hehe Vis Red Laser Gun Assembled $198.00 
Sn 


75,000 Vet DC Variable Outpt Lab Source i... $148.50 
lon Ray Gua KR, projet energy witht wires... 969.50 


TIAS VAC Hi Out Mg fon Generator K. 
‘Teleineic Enhancer Electric Mae 


-- 
acing Pirsma to Music and Sounds Assembled $79 50 


SECURITY AND PROTECTION DEVICES. 
‘vist Poi Feld Bast Wave Gee Assembled .. 14.50 
‘Phaser Sonic Biast Wave Pistol Kit 
Init Lt, Listes ia Via Proce Assembled 
Matonati Tel Recorting Device Astembied 
3M. FA ato Tal Transmiter Kt... 
3M. FM Vela Transmitter Kt 
Homing Tracking Beeper Transmiter KM. 
SY 0R0NNG PROCEDURE TOLL FREE 100-271-1705 
a 2A HRS ON 1-689-673-4730 wr FX IT TO 1-609-472-5406 
VISA. MC, CHECK. MO W US FUNDS. INCLUDE V^ SHIPPING. ORDERS 
10808 & UP ONLY AOD $16.00. CATALOG $1.00 OR FREE WITH ORDER. 


INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. PS9, AMHERST. NH 03031 


AUTOMATE YOUR HOME FOR LESS 
THAN $200. - Plans for lighting, ap- 
pliances, audio, video, security, com- 
munications & more! $29.95 to: HOME 
AUTOMATION USA, P.O. BOX 22536PS, 
Okla. City, OK 73123. Free Catalog. 


mm SjStSQBREBER SSSERSRESRDE 


CHECK, VISA, or MC 
$39.95 CECI VISA, o 


TECH INFO 1-002-829-0152 
E ONLY 1-800-336-7389 


ASBESTOS MANDLING at home. Be 
safe. Save money $19.95 SASE—Kates, 206 
Sykes Lane, Wallingford, PA 19086. 


GROW GIANT CRYSTAL six inches 
across in only two weeks! Guaranteed! Elev- 
en easy recipes $5.00. Crystal Recipes Book, 
Box 21169, S. Euclid, OH 44121. 


DISK TURBINE Make it yourself, Inven- 
tor Nikola Tesla *! rhouse in a hat" De- 
tails $14.95. Tesla, 51 Wilcox, New Britain, 
CTO06051 


1991 LEATMERCRAFT CATALOG. 
100 pages. Largest selection of genuine 
leathers and leathercraft kits, tools, books, 
supplies. Low prices, quantity discounts. 
Send $2.00 peghdlg to: Tandy Leather 
Company, Dept PS491C, Box 294, Ft 


LEARN TO READ with $39.95 VID 
FOR DETAILS CALL 1-800-359-7874. 


STOP PRANK PHONE CALLS E 
tronic device displays phone number of 
son calling you, $89.95 (assembled), 


chure $1.00, SURVEILLANCE catal 
$5.00, EDE, POB 337, Buffalo, NY 142: 


APPLIANCE PARTS FOR ALL & 
JOR APPLIANCES. Before you buy, ch 
our prices. D.I.Y. Appliance Par 
1-800-835-3680. 


——LASER 


VISIBLE LASER MODULE 
2mwW 


Module 
Cat. # 
VLM:2 
$1500» *195 
Output: 2 or 5 m @ 670 nm (Red) C. 
Spot Sze: inside 1 square inch qe 50 fe 
input Power 510 10 VOC @ 60r 


(A 9Volt Battery will run the VLM for § hours) 
Dimensions 58" dia. x 1.13" lo 


Enhance any presentation with t 
SmW Laser Pointer. Fits in sl 
pocket. One year limited warrar 

Cat. e LPS 919099 wi 


FOR FAST SERVICE: Call to ship COD 
Add $1500 for S & H — Az Rosidents add 65% t 


FREE CATALOG 5755. 


SR FAX TODA, 


MEREDITH INSTRUMENT 


P.O. Box 1724 + GAIN BA Ave © Glendale, AZ BS 
Phone: (602) 834. FAX: 802.8393: 


CEDE 714 278-0563 
Zàpapa $15 — Fax 714 270-4887 
SmW Helum Neon Laser Tube $150 

5mW Helm Neon Power Supply $05 

_BmW He-Ne Later Tube $20 
12VOC.6mW Power Supply $40 Visa, WC 


VCR BROKE! FIX IT! New Traini 
eo shows you how, SAVE $$$. “FREE” | 
tails write: VIDEOTECH Box 338 
LaBrae, OH 44430, 


‘SURVIVAL IN THE 90's - Choose fr 
over sixty working plans for alternative s 
vival equipment. For free brochure s 
business size S.A S.E. to Azoth Enterpri 
1141 Adams St., Denver, CO 80206, 


CAMERAS & PHOTO SUPPLIES 


CAMERA SALES. INFORM 
E 5297 Iroquois, Ewa Beach, HI 967! 


CLASSIC CARS 
BATTERY MASTER SWITC 
Patent Pending 


Disconnects all electrical circuits w 
a simple turn of the knob. Attach 
to battery in minutes. Heavy du 
Suitable for 12 or 24 volt batterie 
Eliminates battery drain, prevet 
electrical fires, provides emerger 
cut-off. 

Remove knob to stop theft and t 
authorized operation. 


12.95 each postpaid 
ha $1 for sido posi PARE 
BATHU INC. 
Box uS rona, PA 166 
814-684-2603 


Quantity discounts—12 units or mc 


POPULAR SCIENCE nai a 


EDUCATION & INSTRUCTION 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information ree: Lu free 
1-800-228-5600, or write: American School, 
US #347, 850 E. 58th St., "Ohicago IL 


PARALEGAL GRADED Nido ta 
LUM. Approved home stud; ay. M fost aff 
able and com uus 1 pum 
CATALOG 1-800-826-92: 
LAC! STONE SCHOOL OF LAW, P.O. 
allas, Texas 75379. 


COLLI xternal De- 
pur Business Public Administration LAW 

raduate-Undergraduate Financial Aid. 
(800) 759-0005 Ext 618 LASALLE 
UNIVERSITY Mandeville, LA 70470-4000. 


WORLD WIDE COLLEGE OF AUC- 
Xon ane: ING. (formerly Reisch) 
33. Term Soon. Free Catal ob 
[e E. ‘Taylor, Box 949, Dept. 3, 

City, LA 50401. 515 423-5242. 


EUROPEAN Doctorate and Masters de- 
by research. Bachelors and Licentiate 


course of study. For General us 
send $8 to: Somerset University, Ilminster, 
Somerset, TA19 0BQ England. 


APPROVED UNIVERSITY 
Economical home study for 
Bachelors, Masters, Ph.D., fully approved 
by the California Superintendent of Public 
Instruction. Prestigious faculty counsels for 
independent study and life experience cred- 
its (5000 enrolled students, 400 faculty) 

Free information—Richard Crews, M. 
(Harvard), President, Columbia Pacific Uni- 
versity, Department 2R5M, 1415 Third 
Street, fael, CA 94901. Toll free: (800) 
227-0119; California: (800) 552-5522; or 
(415) 459-1650. 


KEYBORED? Try a Unique Piano Les- 
son Experience. Teens - Adults. 
800-347-1556. 


'AMOUS autographs: Photostats of o 
nal copies. Charles Dickens 1812-1810; 
Charles Lamb 1775-1834; John Keats 
ee eat lohn Lg oad d 1031 EM 
ines script signature. Pauline Simpson, 
Stoneypher St Cornelia, GA 30531. 


ECOME A PARALEGAL. WORK 
WITH ATTORNEYS. HOME STUDY. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES, ACCREDITED, INEX- 


PENSIVE, FAST. FREE INFOR- 
MATION. DR. JOHN BEAR, PO BOX 
826-PS, BENICIA, CA 94510. (800) 
835-8535. 


COLLEGE SCHOLARSHIPS AVAIL- 
ABLE! 6 to 25 sources guaranteed. Informa- 
tion write: P.O. Box 688, Salem, NH 03079. 


jous, in 


Successful. Low 
Aid. Associate Degree Va Semester 

diate broshura Y. YAACOV. COLLEGE 
INTERNAT'L, 2 KAUFMAN BLVD. P.O. 
Box 50248, 61500 TEL-AVIV, ISRAEL 


is a now publication to help students: 
"improve grades fast "concentrate better 
“stop procrastinating "do more in less time 
Send $14.95 to: Kava Publications, Dept.1A, 
60 Shade St, Lexington, MA 02173 
price good until April 31. money back guarantee 


'ULLY ACCREDITED UNIVERSITY 
DEGREES without attending classes! 
Bachelor's, Masters, Doctorates. Free de- 
tailed brochure. Write: Kensam, BOX 1383- 
PSN, Far Rockaway, New York, 11691 


ELECTRIC VEHICLES 


CONVERT FROM GAS TO ELEC- 
TRICITY. Illustrated step-by-step manual, 
full line of proven components, all new stock. 
$5.00 for cn le, or $37.50 for manual & 
catalogue. iO AUTOMOTIVE, P.O. 
BOX PIO, FELTON, CA 95018-1113. 


ELECTRIC and 100 MPG Hybrid Car 
, Plans, Kits. 
Connecti- 


ELECTRIC Cars, Conversion Manuals, 
Parts and supply sources, newsletters—The 
most complete electric vehicle source $5.00 


Performance way, 2810-C Al; in, 
Jacksonville, FE 32210. idi 
ELECTRIC VEHICLE SOURCE 


BOOK Production, ott bin re etd 
nologies, 


aes SUPPLIES & 
EQUIPMENT 


ILLANCE - Privacy control - De- 
E Protection. (Kits - assembled) 
Large new n n Du Tri-Tron 2209F 
Lapalco, Harvey 
FREE CATALOG: Save hundreds on 
im after electronic, electro mechanical, 
an 


ELECTRONIC EM 


MIGHLY SENSITIVE, ultra-small 
transmitters (bugs). Catalog $2.00, Cony 
Electronics Distributors 908 Bryn Mawr, 
Springfield, IL 62703, 


EMPLOYMENT INFORMATION 


sows, Any State, Any Occupation, in- 
eluding, Government, State, Public. Also 


Cruiseshipe, Tu Riverboats, Oil- 
rigs. Women- fork month- Home 
month. U.S.A. plus Overseas. Information 


$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


INTERVIEW? Learn how to ask for the 
jb. Proven. Send $13.00. W. Turner, 2737 
43 Ave., Vancouver, Canada V5R 2Y8. 


EXCELLENT PAY! Spare time Assem- 
bly At Home! Call 1-(312) 445-9587 ext. 503. 


AIRLINE EMPLOYMENT INFORMA- 
TION BOOKLET! Addresses, Phone Num- 
bers, Sample Resume, How to Apply Ma More. 
$7.00 to: Banderson Eurer or rigen 
Centreville Square, Suite 188-PSA, Cen. 
treville, VA 22020 

OPLE NEEDED. Work on fishing 
boats and processors. No experience neces- 
Make up to $40,000 in 3 months possi 


sary. 
ble. Send $5.00 to Pacific Job Finders, 31 
Pacific Hwy South #101, Federal Way, WA 


ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source, Featuring Sun-Lite* for do-it 

urselfers, builders, designers. Americas 


est energy saving mail order house! 

paid. Solar Components Corpora- 

S ion, Dept: PS 121 Valley St., Manchester, 
NH 03103. PHONE 603-668-8186 


cooler burning. 
of 6 $11.95. Send to: 


Mi 
1800 Miei Spring Ave, ne 


DO-IT-YOURSELF SOLAR POOL 
HEATERS For in-ground and Above 
ls. Information on environmentally safe 
LAROLL and SUNUNIT products, in- 
cluding step-by-step instruction $5.00 Bio- 
Energy Systems, Inc., P.O. Box 191, Ellen- 
ville, NY 12428, or call 800-882-3628. 


EQUIPMENT 
RV PARTS AND ACCESSORIES 


e and accessories. 
log, only $8.95 (refundable). RV Express Co. 
PÔ. Box 2550, Lubbock, TX 79408. 


FINANCIAL 


DEBTS? BILLS? BAD CREDIT? No 
problem! Well help now. hee ac- 
cepted $500-$50,000. Not a loan company. 
Free ape: TCAC, Dept. PS, 400 Century 

uth #117, Birmingham, Alabama 
35226 or call 1-800-869-0607. 


$5,000 CASH 


By Mail - Guaranteed 


To Start "Your Business 


‘oc Expand 
NO RISK! NO ONE REFUSED! 
No Credit Check» No Co-Signers 


GET MASTERCARD NO RISK NO 
UPFRONT FEES FDIC BANK. RE- 
GARDLESS OF PAST! 100% MONEY 
BACK IF DECLINED 1-(900) 896-8808 
$10.00 TOLL. 


COMPUTER Erase Bad Credit Free In- 
stantly. Free Details: Gold(P), 13950 Ven- 


tura, Sherman O: 'A 914: 
CASH AVAILABLE To Start. 
Or Expand Your Business. Guaranteed. 


ing Details. Write: American 
Business Club. 301AH Samson Drive, 
Dalton, GA 30721-9983. 


INVENTORS! Can you patent : " 


from your idea? Call AMERICAN INVE| 
rose GORPORATION for free inf 

decade of service 1 (8 
pay is Canada call (413) 568-3753. 


INVENTORS - Apply Now! 14th Anm 
internationst Inventors Expo 91’ - May 3 
June 3, 1991 - JAVITS CONVENTIC 
CENTER. CHOICE LOCATIONS AVA\ 
ABLE. Call (212) 877-4047. Write IIA, P( 
791, Planetarium Station, NY, NY 1002 


CASH IN! Free Patent/Marketing In 
mation. Internationally Known Consulta 
1-800-48-NVENT. 


VISIT. America’s largest invention shi 
Over 500 exhibits. Information| 
412-288-2523. 


INVENTORS: Free information and 
vice from Professional Inventor and Prodi 
Designer for offering your invention 
manufacture. Timely action importa 


FLASH! BOOKS FOR INVENTOR 
Osta $1.00. Starcom Box 2121, Peabo 
01960. 


INVENTORS: Call TLCI for free inf 


mation 1-800-468-7200 24 hours/day—US| 
Canada 
INVENTORS' DIGEST. AMERICA 


MAGAZIN 
ACK GUARAI 
TEE. FREE PATENT MANUAL. 21 
PS o COLORADO SPRINGS, 


INVENTORS 
SELF CALL 1-900-U.. "EAT ENT E 
Consultation, M 
Tu-Sat. $2/min. 


FREE GOVERNMENT MONEY, 
GRANTS NEVER REPAY. Women, Mi- 
norities, Elderly, Students. Information 
$1.00 + SASI LP. 
12A, AIEA, HI 96701 


YOU CAN 

PENDENT $10. 

ite Falls, WA 98223. 
FOR INVENTORS 


FINANCIA! 
. Jim, PO Box 831, Gran. 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 
GRADUATE | ENGINEER 


Da IER ATIONAL PATENTS: 


us. at 


Overseas production, 
‘and research readily available. 
INTRODUCTION TO INDUSTRY & MARKETING PLANS | 


Also specializing in 
copyrights and trademarks 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 

MICHAEL I. 


Ut 
171 STILLWELL LANE, SY: 


SSENT. NY i701 


g DATENT ANG DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY '11746. (516) 
499-4343. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
748-6216. 


REGISTERED PATENT ATTORNE 
Free Information Package Patent Search 
Applications 1-800-876-6670. 

FOR THE HOME 


NEED TO HELP A peonte E 
EMERG! CREWS LOCA 


AT MIGHT? Ci 
1-800-233-7893 ext. 10 for FREE brochu 
describing the Reflec-R-Box by JD. Coop 


POLES. dI BIRD HOUSE, 
FEEDER POLES. AFFORDABLE, TE ii 
SCOPING. VARIOUS HEIGHTS. FRE 
DETAILS: JOLI POLES, P.O, BOX 989, M. 
CHANICSVILLE, VA 23111 


GARDENING 


"REAL" HC 
a ne 


10/ 
IS 


GREENHOUSES - RedwoodFibe: T 
Kits, Hobby/Commercial sizes. FREE. 
chure. GOTHIC ARCH GREENHOUSE 
BOX 1564-PS, MOBILE, AL. 366; 
(800/628-4974) 


WALKTHROUGH 7' High Greenhous 
8' x 12' under $150. Plans, materials li 
px L. T. POB 1489 Clifton Park, N 


HOMEOWNERS, PROTECT THE 
VIRONMENT, compost your organic wasi 
Plans and instructions, $7.95. LaFontaii 
Consulting, 300 Gage, Suite 10, Kitchen 
ONT. N2M 2C8. 


GOOD EATING 


VEGETARIAN hanburger reci; 
health cost. Less meat. $5.00 
186, Esparto, CA 95627. 


GREAT CHILI! Plus 10 Southwest Sp 
cialties. $5.00. P.O. Box 6243, Salt Lake Cit 
UT84152. 


FREE help for inventors! No charge for 
protection forms and information kit. 
ated Inventors Foundation. 1-800-525-5885. 


COMFORTABLE HOT WATER HEAT- 
1NG. Free Publications list. Many en 
saving booklets available: BHC, Box 218A, 
Berkeley Heights, NJ 07922. 


INVENTORS: If you have an invention 
fir sale or license, write fx fres. booklet 
laining how we can help you. Kessler 
Sales Corp. C-7-FI, Fremont, Ohio 43420. 


SAVE Thousand Of Dollars Using $O- 
LAR ENERGY, For More Information 
Ltd, Box 66132, Baltimore, 


SAVE Money, 101 Tips To Lower Energy 
Valve Engineering, 108 Cop- 
perwood, Bethel Park, PA 15102. 


INVENTORS! Call IMPAC for free 
information package. USA/Canada: 
(24 Hours!) 


NEW TOY IDEA? Want access to toy 
companies? EXCEL offers full inventor ser- 
vices. FREE phone consultation. Call (612) 
934-1200. 


ffili- * 


QUICK CAKE recipes: $3.00 S.A S. 
Lanou, RR#1 Box 199A, Cornell WI 5473 


GOVERNMENT SURPLUS 
DRUG RAID SEIZURES! Buy di 


its, computers, furr 
jest Covin 


HEARING AIDS 


HUGE SAVINGS. Eliminate deal 
markup. Free Trial. Batteries whol 
Terms Arranged. Lloyds-PSC, Rockford, 
61104. Call 1-800-323-1212 Toll Free. 
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HEARING AIDS (Con't) 


SUPER SAVINGS! Newest. Finest. All 
types, Buy DIRECT & save up 15 HALF! 


No salesmen. Sold by AIR MAIL on HOME 
TRIAL. FREE Catalog. Write: 
MONEYSAVERS. 

Dept. 


PS4D ^ 36658 Apache Plume Dr. 
Palmdale, CA 93550 


FREE Hearing Aid Catalog. All Models. 
luge savings! No salesman will call. 
HODES Dept. 12T, Brookport, IL 62910. 
hone 1-800-453-4905. 


HELP WANTED 


IEARN MONEY Reading books! $30,000/ 
income potential, Now hiring. (1) 
587-6000 Ext. Y-20025 


STS, PC users needed. 
5, 5,000 potential: Details. (1) 805 687-6000 


EARN MONEY Reading Books! $30,000. 


. income potential. Details. 1-805- 
200 Ext Y-20025. 
HOBBIES & COLLECTIONS 


MILITARY Medals Catalogue $1.00. 
arly subscription $800, 8. Vernon, Box 
60PS, Wildo 


BEEKEEPING EQUIPMENT Free Cat- 
og. Bee Farm, Rt. 1, Department 70, Mora- 
n Falls, NC 2865: 


MAGIC TRICKS JOKES aie Nov. 
LTIES. Wonderful new catalog 

UTELY FREE. Write to: H.L. Knij sias 345 
W 112th, Suite S4, Seattle, WA 98177. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 
ior harps, dollhouses, clocks, music boxes, 
E ather instruments, crafts, furniture with 
lans, parts, kits, supplies—Catalog 
(614) 484-4363—Cherry Tree Toys, 
em Ohio 43718-0369. 


CLOCK movements, components, plans, 
Vx), prints, door harp supplies, videos, 
encils - over 1500 items! Wholesale catalog 
.00 (credited) Steebar, P.O. Box 463-S, An- 
ver, NJ 07821-0463. 


AMAZING NEW POTTY BREAK- 
HROUGH! Convert any toilet to flush up 
overhead drain!! Uses water pressure only. 
pee information. Western Sanitation, 


}00C Jackson Street, Oxnard, CA 93033. 
HOME BUILDING 


[CUT HEATING/COOLING COST 
lother-nature technology discovered in 
Ives. Mail your floor-plans and/or $29.95 
-KEY TECH. 1828 Mission, Carlsbad, 
88220 


HOME HEATING, FUEL SAVERS 


lulti-Fuel Furnace 


hop Heating Bills To 
Imost Nothing! 

ijoy independence, 

nomy & comfort of 

sole house wood heat 


I^ gas, oil or electric 
indby. It's a central 
ating system, nota 
we, Send for Free Catalog 


ikon t Energy 


y Corporation PS 
W. County ng iul, MN 55112 
Ame. 


dress, 


INVENTIONS WANTED 


HONG KONG factory needs several new 
roducts for their oversea buyers. Send prod- 
-t ideas for royalty evaluation. Can produce 
clusively. Hongkong Plastic Metal Prod- 

ts Company, Box 69627, Kwuntong, 
longkong. 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED 
PATENT SERVICES, Washington, DC, 
800-458-0352. 


INVENTIONS, ideas, new products! Pre- 
sentation to Industry. National exposition. 
1-800-288-IDEA. 


INVENTORS: Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-IW, Fremont, Ohio 43420. 


HOVERCRAFT 
HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
mation $5.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272 


HYPNOTISM 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400, Ruidoso, 
NM 88345, 


KITES 


rKITES xy 


| FREE COLOR AN 
Choose from over 100 kites. 

[| Many unusual & innovative 
Call or write for your catalog today! 
Into The Wind » (303) 449-5356 
1408-P Peart St., Boulder, CO 80302 


| coves, seno me a FREE cero. | 


Lm [ 
l cess 
City 

[ l 


State Zip 
Dp 


«. BOOMERANGS! Hi 
igns You Want. Free Catak 
FANTASTIC! BoomerangMan, 1806-2 

3rd., Monroe, LA 71201-4222 


CASH HOTLINE Loans Up To Your 
Yearly Income. Fast A With Proof Of 
Employment. 31 19. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale RADI: P.O. Box 
260279, Plano, TX 75026. 1-800-444-6599. 


LOANS For Nearly Anythi 
provals! Cash 24-48 Hours! PI 
Ave., Dept. 1102, NY, NY 10010. 


How Much Money Do You Need? Simple 
Qualifying. Many Options. Unison, 2170 
Broadway #219, NY, NY 10024. 

RROW $500 - $40,000! “On Signa- 


ture”! Any Purpose! 97% Eligible! Free Ap- 
plication: National, Box 7627, Long Beach, 
'A 90807. 


Fast Aj 
210 Fifth 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC PS-4 Box 5399, Torrance, CA 90503. 


BORROW $500-$100,000! "IMME- 
DIATELY ON SIGNATURE. KEEP IN- 
DEFINITELY! CREDIT-2W, BOX 343, 
TOMBALL, TX 77377-0343. 


1-900-726-7766 ($15 per call) Visa/ 
Mastercard. Instant. Preliminary Approval 
With This Call! Poor Credit. 


ANUWEKS MON VME 


cer epe 


‘CONSUMER 
WATCH 1-900-726-8790 $1.49 ESE 
MINERALS & PRECIOUS STONES 


NATURAL MUSCOVITE MICA, one of 
natures most interesting minerals. Ideal for 
teachers, science projects, mineral collec- 
tors. Specifications, grading and supply of 
mica, $14.95 to: Ryan Mica Co., P.O. Box 498, 
Boston, MA 02136. 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/$8; 500/$11; 
1,000/$18; 2,000/$29; 5,000/$59 QUALITY 
Lists, Box 6060-CW, Miller Place, NY 
11764. VISA/MC/COD. 800-356-6392. 


KITES 


Stunt kites, parafoils, deltas, \ 
boxes & many more exciting designs. V 
A, Call or write for free color catalog. 

Color the Sky, Dept e3 1-800-659-KITE 
221 Yoho Dr. Anoka, MN 55303 n 


LOANS BY MAIL 


BORROW $50,000 FAST; Any Purpose. 
Guaranteed. Capital, Box 561359-PS, 
lotte, NC 28256. 


IMMEDIATE Loans to deserving: individ- 
uals refused elsewhere. Many pian i in- 
cluded. um us! Associates 
Baldwin, NY 11510-9008. 

LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard. 516-349-0251 


BORROW $500-$40,000! “Overnight” On 
Signature. Keep indefinitely! Action, Box 
5499-Y Diamond Bar, CA 91765. 


BORROW $500-$200,000 ica, 
Nearly everyone qualifies! Free Application. 
FSE, Box 10321, McLean, VA 221 


}ORROW $100-S: Based QUAY on 
Signature/Secured Immediately! Apply 
Now! 1-404-879-5514. 


NEED Cash $500.00 to $50,000.00? Debt 
Consolidation? Major Bank Credit Cards? 
“Instant Credit" Obtained by Mail - 
$3,800.00 Credit Line, No Co-Signers, No 
Credit Check! Free Information us 
National Credit, P.O. Box 1105, Ozark, AL 
36361-1105, Or Call 24 Hours (205) 
774-3394. Credit Ext: PS3 


IORROW BY MAIL Get $500-$75,000 


Quickly. Nearly Everyone Qualifies! Re- 
quest Free Application, MJS Industry, Box 
1, Bronx, 
ARAI USINESSMEN have money to 


buy invest. Top finders fees paid. IMEA. 491/ 
PSI. Box 3574. Newport Beach, CA 92663. 
(714) 722-9260. 


FIRST ORDER "TRIPLED FREE"! 
Opportunity seekers! Computerized, ad- 
hesive labels. 200/$5; 500/$9; 1,000. 
315; 2,000/$24; 5,000/$49; 10,000/$92. 
LIST-MASTERS, Box 425-WK, Mt. Sinai, 
NY 11766. Visa/MC/COD ‘cali 800- 


ACTIVE NEW OPPORTUNIST 
NAMES! GUARANTEED! FAST DE- 
LIVERY! MIXED STATES! 200/810; 
500515; 


MISCELLANEOUS 
NEW 
FLASHLIGHT. 


This new flashlight that 
needs no batteries. You generate your own 


electricity by squeezing the grip lever. Wa- 


ter repellent. Shockproof. 5” x 2". Ideal for 
general home, car. $9.95. Monsa Prod- 
ucts, P.O. Box 458, Dunellen, N.J. 08812 


YEAR 2000 CALENDAR. A new mil- 
lenium $3.00. J. Mickol, P.O. Box 1955, 
Erie, PA 16507-0955. 


BALLOONS Tir ue Shay deel Col- 
ors. Discount Prices. ler $5.00. 
BHB, Route 1, Box 13, Shi ie Hill, oi 


ROBOTICS! ENGINES! INVENTIONS! 
Pise roni Mi Muscle Wires contract with sur- 
Ber ! Send business SASE for 

lyer. 


OND TRONICS 2476 Verna, San 
94577. 

FREE cassettes and albums, certificates 
$7.95. E&S Music, 309 Hwy 18 Whittemore, 
1A 50598. 

MODELS—SHIPS, CARS, 
PLANES, ROCKETS 

LIVE STEAM MODELS! 100 Kits or As- 
sembled. Stunning Colored Catalog $5.95 
Refundable. Diamond Enterprises. 


pt PS 
Box 537, Alexandria Bay, NY 15607 
PHONE: (613-475-1771. 


MONEYMAKING OPPORTUNITIES 


$10,000.00 monthly taking photo- 
graphs at home! No experience. (213) 
549-0997 (90 second recorded information). 


FOREIGN EXCHANGE - Buy and sell 
foreign currency for profit. $5.95 and SASE. 
Exco International, P.O. Box 29843, Hon- 
olulu, HI 96820. 


EARN S500 weekly mailing letters. Free 
Detalla Omega; Box 4309-YM. West Covina, 
l 


$8500 in one month. YOU CAN MAKE 
1T. Guaranteed. Complete details $23.50. 
Moneyorder only. 11021 Munn $310 
Houston, TX 77029. 


MAKE BIG MONEY. The Easy Way. For 
Free Info, Write: Heinze, 12 Lawrence St., 
Belleville, NJ 07109. 


“209 PROFITABLE FORMULAS"! 
(Free Lists) Research PS4, Box 291332, 
Davie, FL 33329 


Easy Work! Excellent Pay! Assemble 
Products At Home. Call For Information. 
(504) 641-8003 Ext. 6517. 


FINANCIAL ge Make Thou- 
sands Monthly. Business. $14.95, 
BAEHR INTE! AT NAL. P.O. Box 4007, 
Manassas, VA 22110. 


High paying career in construction of 
beautiful sunrooms. Every home owner 
want» one. Save thousands building your 
own addition, Qualified contractor shows 
you how. Step-by-step easy to follow 
instructions from start to finish. Send 
52.00 (refundable) for details to: 
Kenneth McDowell 
Dept. #16-S, P.O, Box 161632 
Atlanta, GA 30321 


OF INTEREST TO ALL 


GOLD CREDIT CARD GUARANTEED 
APPROVAL. NO BANK DEPOSIT Mati 
ESSARY. CATALOG SHOPPING 
GOLD CARD 1-800-888-777: 


zo 


ATTENTION ALL 
CREDIT CARD HOLDERS 


Save hundreds and even thousands of dollars in 
interest pa y, 
and no A! NNUAL PEE E Visa 

iction guaranteed. 2 
157914, Chicago, IL 60615, for List & Additional 
Information, 


SOLAR POWERED GATE OPENERS 
and much much more. Send $3.00 for full 
details. F.E.S. 2830 Arden Way, Suite 113, 
Sacramento, CA 95825, 


DYNAMO FLASHLIGHT! No batteries required as 
electricity is generated by squeezing the grip lever. 


Easy to carry and handy to use during emergencies. 
Shockproof, waterproof case. Checks or M.0. $12.99 
pd. To order. 
Casa Mia Import Export Inc. 
Cross Country topong Center 
Yonkers, NY 1071 


Geo: Asroipsc moothie analita Di 
losive data concernin, SENT CON- 
.BDUCTIO! IRCLES, 


1-900-446-3942. $19.95/call ides year ly 
subscription. ABSOLUTE MONEYBACI 
GUARANTEE! 


SPEAK WITH EASE to any audience. A 
step-by-step approach to effective speaking. 
Booklet $4.95. M.C. Fagan, PO. Box 442307, 
Lawrence, KS 66044. 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934. We buy Gold, Silver, Plat- 
inum, Diamonds, Highest Cash. Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Ringa, Diamonds, Watches, Silver, 
iai 


Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Precious 
pt. 857, Chicago, 


Metals, 10 S. Wabash, 
60603. 


O oee 


PATCHES, DECALS, BADGES 


‘CUSTOMIZED PATCHES, PINS, DE- 
CALS, BUMPER STICKERS. FREE CATA- 
LOG, STADRI, 57R LEROY, NYC 10014 
(212) 929-2293. 


PLANS, BLUEPRINTS 


SAVE WATER and money. Build Dry Re- 

cling System, Plans $9.99, Alternate 
Routes, PO. Box 122 889 Dorchester Ave., 
Dorchester MA 02125. 


DOME PLANS Build for as little as $250. 
Send $1.00 for details. S. Zill, 2052 E. Ocean 
Blvd., Balboa, CA 92661. 


MAKE Rubber Stam; 
able. Free details. 
(LLX), Tampa, FL 33622. 


RADIO, TELEVISION 
‘SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


SATELLITETV 


. Highly Profit- 
ER, POB 22809 


‘SATE! TELEVISION 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, P.O. Box 25161, Seattle, 
WA 98125 


WET OR DAMP BASEMENT? Com- 
plete guide to professionally researched 
waterproofing methods and installations. 
Great for do-it yourselfers. Send $19.95 TN. 


Box 5, 


FISHING pole rack. Organize your tackle. 
Plans $10. 00. Truman Graphics, 11639 
Lynhurst, Washington, MI 48094. 


REACH over 44 million active alert 
minds with a classified ad in this section. 
Call Dot or Anne at 800-445-2714 for details 


PLANS & KITS 
DOME homes, cabins, commercial - ener- 
gp, ficient, economical. Natural Spaces 
800-733-7107 


PLASTICS 


Liquid components, tech- 
‘niques, Catalog, $1: Handmade, Box 
(67 13(PS4), Memphis, TN 38186-0713. 


CASTOLITE Liquid Plastics. Crystal 
clear, colors, For casting, embedding, coat- 
ing, fiberglassi iring and reproduc- 
ing with our Mold Making. 'pplies Catalog 
$2.00. CASTOLITE, Dept. 91D/PS, Box 
391, Woodstock, IL 60098. 


PRINTING SERVICES 
CUSTOM PRINTED BUSINESS 


FORMS, LABELS, TAGS, ENVELOPES, 
1-800-331-3841. FREE CAT- 


REAL ESTATE 


*BUILD YOUR DREAM IN COLORA- 
DO* Build your cabin from your own trees 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 days 
unclouded r3 35 Acres from $22,900. Low 
Down Easy Terms. Free Brochure. Call To- 
day. 1-800-383-0583. Patten Land of Colora- 
doCorp. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


CALIFORNIA. Acreage. Lots. $50 down. 
$50 monthly. a Ethel Ave., Sherman 
Oaks, CA 91423. 


MONTANA 


Creeks and Wildlife, 20 QUALITY 
ip), close to Yellowstone Park, startir 


s 
cess, Warranty Deed, Insured Tile, Free Brochure. 


Rocky Mountain Timberlands 
333 Haggerty Lane e Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 @ (406)586-8088 


Call Toll Free: 1-800-735-6484 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
| try. Hunting, fishing, recreation, retire- 

ment. FREE brochure. NATIONAL ASSO- 

CIATED PROPERTIES, 1111-C Sherman, 

Coeur d'Alene, ID 83814 (208) 664-8161. 


| RUBBER STAMPS 


Order "CUSTOM MADE” 


RUBBER STAMPS 


UP TO 4 LINES only $995 
(Max 30 letters perline) © ea. 
INK PADS only $1.95 es 
(eiki speci Color Black Blue Red 
gee nae 25e per tem for osag 
+= SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 days! 


QUALITY Stamp Mfg. Box 35514-S, Tulsa, OK 74153) 


oon 

Save 30%-60% ONGAN 

Dire upgrades, 
Ds, movers, Feeds, LNB 


Monterey, Uniden, Drake 
HTS, Orbitron, etc. 
E 800-334-6455 
E; 218-739-5231 MN & INT. 
f SKYVISION INC® 
512026 COLLEGE WAY 


SS FERGUS FALLS, MN 56537 


INSTALL OR UPDATE YOURSELF! 


SATELLITE Monthly Audio Codes 
1(900)-Hot-Shot. Intended For Testing Only. 
$3.50 Per Call. 


SATELLITE TV 


Call for FREE Catalog 
All Major Brands 
Lowest Prices 


1-800-845-6664 
617 W. Division * Mt. Vernon. WA * 98273 


WEST COAST SATELLITE 


SCIENCE & CHEMISTRY 


FOX Scientific Laboratory Supplies And 
Chemicals. $2.00. 4571 S Westmoreland, 
Dallas, TX 75237. 


MAKE DRAMATIC 3D 
HOLOGRAMS ECONOMICALLY 
AND WE WILL PAY YOU $1.00! 
Equipment or a Tuil jab set-up” con cost less than 
a personal computer! Send $2.00 for our new 
1991 catalog and DEDUCT $3.00 FROM YOUR 
FIRST ORDER! A few ofthe items you will find are: 
"Anti-vibration Tables *Losers *Optics *Holo- 
graphic Film *Short Courses *Video Tapes *Sott- 
‘ware *Holograms/Displays. Send $2.00 TO: 

HOLODYNE 
DEPT. 101, Box 773 
Findlay, OH 45839 


“EXPERIMI LABORATORY. 
CHEMICALS - GLASSWARE, Catalogue 
$2.00, Established 1953, Hagenow 


Laboratories, 1302 Washington, Manitowoc, 
WI 54220 


PSYCHEDELIC Chemistry Catalog 
$15.00. E. Macnab, R2 Alderbrook, Sooke, 
Canada VOS INO. 


CHEMICALS AND LAB EQUIPMENT. 
Chemicals, small or large quantities, for 


SONG WRITER 


POEMS—SONGS WANTED. Free 
Publishing/Promotions. Broadway Music, 
, Sarasota, FL 33578. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


INTRY: Manuals, Manu- 
scripts, Technical Data. Write: Avra, Box 
2619, Hendersonville, NC 28739, Fax: 
704-697-0547. 


ASTRONOMICAL HOTLINE - Call for 
e information on the next meteor 

ower, eclipse, comet, etc. Call 
1-900-872-2600 Ext. 118, $2/minute. 


STAMP COLLECTING 


DISCOUNT Stam; 


ips, Request Countries, 
Free List. IVA, Box 197- 
93232. 


, Hanford, CA 


UNITED NATIONS 3 Mint Sets, 25¢. 
Cometa, POB 1509-P, Lake Placid, Florida 
33852. 


FREE Gold Silver Stamps Aj jo 
Delor, 21127 Fleetwood, Harper Woods, MI 
48225. 


1,000 STAMPS, $2.95. Guaranteed 
worth over $30 at standard catalog prices! 
All-Different. 55 countries! Money back if 
not delighted. Approvals. Kenmore OM-273, 
Milford ? NH 03055. 


is GANT BARGAIN] mm ECan, 


FERINGS C ‘ON WORLDWIDE S STAMPS, 
ME IES AND. ae B 


‘ARDS, POSTCARD: 
NOTES PLUS YOU LL RECEIVE 
STAMPS ON APPROVAL. BUY ONLY 
WHAT YOU LIKE, Lond Eod 
pop ey GUARANTI 
'N STAMP COMPANY, ENG DEPT 
ERES, JAMESTOWN, NY, 14701-0019 


Want to stand out from the crowd? 
POPULAR SCIENCE now offers 
advertisers the color 
at highly affordable rates. For 
full details call Dorothy Ellis or 
Anne Rosenthal 


FOUR FOREIGN sets 25e. 


ls. R. G. Sales, Box 1065-P, aic] 
11431. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 
All Different! All Genuine! Value-packed col- 
lection to introduce you to our special offers, 
Collectors catalog, and approval service, 
Other exciting stamps included. Buy any or 
none, return 
WILTON STAMP CO, Dept, PS-DD 
15 Loi 


TOOLS & MACHINERY 


LATHES 
*STARTING AT $350 
Mills *Metals *B 
"Precision instrumenti 
a aj Catalog $2.00 
= * 


(1000's of itens) 
ELL TOOLS ci COMPANY 


513-322-8562 


WELDERS, accessories and safety 
ment. Weldco, 1151 Findli 
PS, hio 45214. 


4' METAL Cutting Lathe $118. 
15048 Proctor, Industry, CA 91746. 


LATHES eMILLING MACHINES eSUPPLII 
SEND $1.00 FOI 


(304) 562-3538. 
CATALOG $1.00 
P.O. Box 536-PS e Hurricane WV e 25526] 


TOOLS, 
‘SUPPLIES, AND 
BOOKS. 


TRAVEL 


LOVE TO TRAVEL? Travel The Worl 
Most Exotic Destinations Free!!! And 
Dollars Part Time. I'll Show You How. 
Your Own Step By Step Guide, Send $29. 

& Associates, 11 Kin 


To: D.G. Bedard 
Crt., Gen. Del., Caledonia, Ontario, 
NOA 1A0. 


VIDEO EQUIPMENT 


REMOVE VIDEO COPYQUARDS wit! 
iutomatic digital stabilizer. Get crystal clea 
ictures from rental movies. 


Canada 


FORD, CT 06101-9717. 


3D TV 60 Tanes prot, eqpt. P.O. BO) 
13059, San Rafael, CA. 94913-305 
415-479-3516 24 hrs. (FAX 3316) 


VIDEO TAPES & BOOKS 


“HOME VIDEO HANDBOOK” prover 

professional, sipa. uaranteed to improv 
jur videos, $9.95, Signet Productions, P 
x 581, Danville, IL 61834. 


WEARING APPAREL 


NECKTIE PROTECTOR Guard’ Ex 
pensive Ties Invisibly Against Spots an 
ins. Completely Safe on Silk and S; 
thetic Fabric $13.50. Repel Lab, 1200 
Freeport Rd., Pittsburgh, PA 15238. 


WINEMAKING 


WINEMAKERS-BEERMAKERS Fre 
Illustrated Catalog - Fast Service - 
Selection - Visa/Mastercard - (816) : 
KRAUS, Box 7850-N, Independence, Mis 
souri 64053. 


BEERMAKERS—Winemakers Fre 
Catalog. Fast Service, Free Recipes 
Cellar-S, Box 33525, Seattle, WA 98133 
800-342-1871 


FREE CATALOG! GREAT PRICES 
FAST SERVICES! — SEBASTIAI 
BREWERS, 7710 91ST AVE, VER( 
BEACH, FL 32967 (407) 


WATER PURIFICATION 


DRINK PUREST WATER! Home Dis 
tillers, Discount Prices! 800-874-902 
WATERWISE, Box 45981, Center Hill, FI 
33514-0459. 


ADVERTISEMENT 


Product Information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


401 Windows and Patios A full-color 
brochure from Andersen Corp. provides in- 
formation on custom combinations, planning 
a project, choosing a contractor, and much 
more. Free 


402 Fiberglass Pools From installation to 
maintenance to usage, Blue Dolphin Fiber- 
glass Pools have many advantages. Blue 
Dolphin's one-piece fiberglass pools won't 
crack like concrete, wrinkle or tear like liners, 
or rust and leak like steel walls. All Blue 
Dolphin pools carry a 25-year warranty 
against structural damage. Free 


403 On-line Computer Communications 
CompuServe's informative brochure shows 
you how to use and communicate through 
the world's largest and most comprehensive 
computer information service: hardware and 
software support, electronic mail, personal 
investment services, and more. Free 


404 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains more than 3,200 
products for the hobbyist, gadgeteer, and ed- 
ucator—featuring telescopes, weather instru- 
ments, fiber optics, magnifiers, high-tech sci- 
ence toys, plus many items for science fair 
projects. Free 


405 Security Systems Espion's "Home 
Security Checklist" brochure describes its 
easy-to-install Homewatch 2000 wireless 
home-security device. Homewatch 2000 
avoids annoying false alarms by using sepa- 
rate heat and motion sensors. It plugs into a 
Standard wall socket and has a battery back- 
up. Free 


406 Oil Additive A brochure from Fluoramics 
describes Tufoil, a spectacular low-friction 
and low-wear oil additive. Tufoil makes 
changing your oil a patented engine treat- 
ment. Enjoy fast starts, smooth operation, 
better acceleration, and longer engine life. 
Free 


407 The Dome: Beautiful Efficiency A 125- 
page catalog from Geodesic Domes pro- 
vides information for building and finishing 
energy-efficient geodesic homes. It includes 
color pictures and more than 80 popular 
floor plans from 1,000 to 5,000 square feet. 
$8 


408 Do-It-Yourself Videos Hometime, pro- 
ducers of the how-to home-improvement 
videos, currently offers 41 specific project 
tapes for the do-it-yourselfer. Each tape runs 
40 to 90 minutes and retails for $9.99 at lo- 
cal hardware stores or home centers. Send 
for a list of available tapes. Free 


409 Unusual Items The “Things You Never 
Knew Existed” catalog from Johnson Smith 
Co. contains more than 1,800 hard-to-find 
novelties, hobby and sports equipment, scien- 
tific and electronic items, and gag gifts. Free 


410 Paint and Varnish Removal Klean 
Strip's two free booklets, "Protect Your Home 
Like a Pro" and “Guide to Paint and Vamish 
Removal," offer important information for 
homeowners and do-it-yourselfers. Free 


411 Window Ideas A brochure from Marvin 
Windows illustrates with four-color photos 
and renderings how window sizes and styles 
affect the appearance of your home. Energy 
and maintenance information is also in- 
cluded. Free 


412 Radar Detectors A catalog from Maxon 
Systems features a full line of radar detec- 
tors along with two-way radios, weather-alert 
receivers, and hand-held CB radios. Free 


413 Creative Problem Solving MindLink 
software helps you generate exciting new 
ideas and solve complex problems. Based 
on 30 hours of research in creativity by 
Synectics Corp., this program helps enhance 
the user's natural creativity and problem- 
solving abilities. Free 


companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling 
fee. For your safety, please do not send cash. 


414 Camera Filters A brochure from Minolta 
describes the Cokin Filter System, a photo- 
graphic universe of colors, shapes, moods, 
illusions, and fun. Simply fit the filter holder 
to any 35mm or video camera. Free 


415 Wood Finishing This edition of 
Minwax's 30-page finishing guide contains 
time-saving tips and how-to instructions. 
Learn how to beautify and protect new wood 
and restore old wood to its original beauty. 
Free 


416 North Carolina Vacation The state of 
North Carolina offers a travel package con- 
taining facts for planning where to go, where 
to stay, and what to do on a North Carolina 
vacation. Free 


417 Software Parson Technology's full-color 
catalog describes its line of affordable quality 
software. In it you will find exceptional finan- 
cial, church, personal improvement, personal 
productivity, and utility IBM-PC compatible 
products for both the home and small busi- 
ness. Free 


418 Septic-System Help Unfortunately, your 
septic system can back up. But Rid-X helps 
you avoid septic-system failure. The compa- 
ny's booklet tells how your septic system 
works and how you can help it keep working. 
Free 


419 Control Water Weeds The Water- 
Weeder Harvester from Waterside Products 
works just like a hedge trimmer under water. 
It cuts a four-foot swath and can be operated 
from a boat, dock, or shoreline. It's perfect 
for waterside property owners, fishermen, 
and boaters. Free 


420 Travel Computer The Interstate Travel 
Computer from Whistler is an electronic de- 
vice that lists more than 30,000 roadside 
businesses, services, and tourist sites along 
major U.S. interstate highways. Free 
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Looking Back... 


Sampling a century of Popular SCIENCE 


APRIL 1966 

Sooner than you think, 

you may be driving a car 
YEARS AGO With a rotating combus- 
tion engine. I went to Curtiss-Wright 
to find out for myself everything you 
should know about it. 

On the outside, the car looked like a 
standard example of a popular Detroit 
model. But instead of its regular en- 
gine, I saw a much smaller unit that 
looked not unlike a vacuum cleaner. 

When I turned the key, the rotating 
combustion engine came to life in- 
stantly. It had a steady idle at 800 
rpm, and a dab on the throttle sent 
the revs up to 2,000 in a flash. Above 
50 Fifteen thousand men are 

burrowing northward from 
YEARS AGO New York City for 85 miles 
to ensure an ample supply of pure wa- 
ter for the city. Their jackhammers 
are idle only during blasting opera- 
tions. Night and day they work, some- 
times half a mile below the surface, 
detonating 20 tons of dynamite a day, 


and each day removing from the bore 
enough rock to cover an acre to a 


APRIL 1941 


2,000 rpm it began to develop a new 
sound—a sound I had never heard be- 
fore. I have driven gas-turbine cars, 
and I remember the scream of the su- 
percharged 16-cylinder BRM racing 
car. But this was a new sound. 

As the engine began to wind, the 
pitch was lower than a turbines, al- 
though there was something of the 
turbine in it. Yet it had the evenly pul- 
sating rhythm of a good six in perfect 
tune—without giving any indication 
of reaching top speed when pushed to 
the 6,000-rpm mark. 

Today, the rotary combustion en- 
gine is available only in the Mazda 
RX-7 sports car. 


depth of six feet. They advance about 
a mile a week. 

At its southern end, this tunnel 
through the rock will be 192 feet in di- 
ameter. It will cost $298,000,000, and 
by 1944 or 1945 it will be delivering 
170,000,000 gallons of water daily 
from the Rondout Valley in the west- 
ern Catskills. When that day comes, 
the hard-rock men will be toiling be- 
neath mountains still farther to the 
north, burrowing 35 miles more to the 


headwaters of the Delaware River, 
which are to furnish 340,000,000 gal- 
lons more a day for New York. 

The completion of that operation 
will add another marvel to the far- 
flung water-supply system of New 
York, already the admiration of half 
the world. It takes a plant of no mean 
proportions to supply the needs of 
7,380,259 persons, whose close prox- 
imity to each other leads to a highly 
complex system of existence. 
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APRIL 1891 
There is something uncan- 
ny in the noiseless rush of 
YEARS AGO the 'cyclist, as he comes 
into view, passes by, and disappears. 
The apparent ease and security of his 
movement excite our wonder. Most of 
us have tried to walk on the top rail of 
a fence and have a vivid recollection of 
the tossing of arms and legs to keep 
our balance and the assistance we got 
from a long stick or a stone held in our 
hands. But the 'cyclist gets no help. 
We must ask then, how is it possible 
for one supported on so narrow a base 
to keep his seat so securely and, seem- 


Staying upright on a 19th century high-wheeler 
was no mean feat for the cyclist. 


ingly, so without effort? Gyration has 
nothing to do with it; centrifugal force 
has no application to it, except when 
turning corners, or otherwise chang- 
ing abruptly the direction of the move- 
ment; balancing is a detriment rather 
than an assistance; and rapid motion 
alone accounts for nothing. Some oth- 
er explanation is needed. 

The stability of the bicycle is due to 
turning the wheel to the right or left, 
whichever way the leaning is, thus 
keeping the point of support under 
the rider, just as a boy keeps upright 
on his finger a broomstick standing on 
its smallest end. 


THE WEEDS WILL BE BACK NEXT 
YEAR. WILL YOUR TRIMMER? 


It happens all too frequently. You grab your trimmer, top 
off the gas tank, and give it a crank. 

It doesnt start. 

A few more tries. Then another. And another. Something 
rattles inside. Now, youre rattled. 

You only bought the thing a few seasons ago. Repairs are 
probably going to run half the cost of the trimmer. Some bargain. 

what you really want is " you can depend 

on,see your Stihl dealer. 


Every Stihl is built, - of af 
tested, to what may be the 
most exacting standards in the A 
industry So its no mere coinci- of "4 
dence that a Stihl trimmer lasts. / —.. 

Stihl. It'll put an j uu», f Centrifugal clutch 4 soliddrivestatttor 
end to weeds. And, definitely  / igs ity j xem, 
any notion of bothering E n 
with a discount trimmer. ^ dem Ds o 

STIHL / 
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(© 1991 Stihl Incorporated. 
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SURGEON GENERAL'S WARNING: Quitting Smoking 


; TI mg "tar? 1.2 mg nicotine Now Greatly Reduces Serious Risks to Your Health. 
45 Philip Morris-Inc. 1991 av. per cigarette by FTC method. 5 


